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ABSTRACT 


A  two-dimensional  finite  difference  model  was  developed  to  cal¬ 
culate  the  temperature  distribution  during  the  fusion  welding  process. 
The  model  is  based  upon  the  enthalpy  formulation  for  phase  change 
processes.  Changes  in  thermal  properties  during  the  process  have 
been  accounted  for.  Temperature  variations  with  respect  to  time  have 
been  calculated  for  specific  locations  in  the  cross-section  of  the  work 
piece  away  from  the  edges  for  specified  boundary  conditions.  These 
computations  allow  the  estimation  of  cooling  rates  and  the  extent  of 
the  fusion  zone.  The  model  could  be  used  in  real-time  monitoring  of 
the  welding  process. 


Accession  For 

NTIS  GRA&I 

DTIC  TAB 

Unannounced 

□ 

Justification — 

By — - - 

Distribution/ 


Avallnbillty  Code^ 
iAvctil  and/or 
Dlst  I  Spc-clal 


I 


ill 


TABLE  OP  CONTENTS 


I.  nrntODUcnoN. . i 

A  BACKGROUND . 1 

a  PREVIOUS  STUDIES . 2 

C  MODELING  THE  HEAT  FLOW. . 4 

n.  TWO-DIMENSIONAL  FINITE  DIFFERENCE  MODEL . 5 

A  OBJECTIVES . 5 

a  ENTHALPY  FORMULATION . 7 

1 .  Derivation  of  Nodal  Finite  Difference  Equations . 7 

C  SPECIAL  CONSIDERATIONS . 13 

1.  Non-Uniform  Grid  Spacing . 13 

2.  Modeling  the  Welding  Torch  Arc . 13 

D.  SOLUTION  PROCEDURE . 1 7 

in.  RESULTS . 20 

A  PARAMETERS . 20 

a  DISCUSSION . 21 

IV.  OONCLUSK3N& . 24 

APPENDIX  A  MODEL  EQUATIONS . 2  5 

APPENDIX  a  MATERIAL  DATA .  30 


I 

1 


jp 


iv 


APPENDIX  C  COMPUTER  PROGRAM  OF  MODEL .  33 

APPENDIX  D  DATA . 4  6 

UST  OF  REFERENCES . 1 03 

INTTIAL  DISTRIBUTION  UST . 1 05 


V 


LIST  OP  FIGURES 


1  Work  Piece  Schematic . 6 

2  Control  Volume  Diagram  for  imcrlor  Points . 1 0 

3  Control  Volume  Diagram  for  Top  Wall  Points  Exposed 

to  EMemal  Heat  Flux. . 1 1 

4  Control  Volume  Diagram  for  NW  Corner  Point . 1 2 

5  Non-Uniform  Grid  Illustration . 1 4 

6  Welding  Torch  Arc . 1 5 

7  Comparison  of  Computational  Results  and  Data  from  Klhara 

for  Center- Line  Surface  Temperatures  After  the  Heat  Source 
Has  Completely  Passed  the  Center-Line  Surface  Node . 23 


Vi 


I.  INTRODUCTION 


A.  BACKGROUND 

The  welding  process  in  most  applications  is  largely  dependent 
upon  the  skill  of  the  welder  with  regard  to  the  quality  and  accuracy  of 
the  weld.  Control  of  the  voltage  and  current  settings  and  the  speed  at 
which  the  torch  advances  can  significantly  affect  the  welding  process. 
An  experienced  welder  can  adjust  these  parameters  based  upon  the 
conditions  he  observes  during  the  process.  As  the  experience  level 
varies  from  welder  to  welder,  the  quality  of  the  weld  can  vary  also.  An 
unsatisfactory  weld  will  result  in  expensive  and  time-consuming 
rework,  assuming  that  the  flaw  is  detected  and  identified.  If  the  flaw 
remains  undetected,  catastrophic  failure  may  occur  at  some  future 
time.  Neither  of  these  situations  is  desirable.  If  a  reliable  automated 
system  can  be  developed  that  produces  uniform  and  repeatable  results 
for  a  specified  set  of  conditions,  the  reliability  of  the  welding  process 
will  Increase  and  the  long-term  costs  will  decline. 

To  support  automating  the  process,  a  simple  means  of  monitoring 
the  weld  is  desired.  One  way  of  sensing  what  is  occurring  In  the  weld 
process  is  to  monitor  the  heat  flow  patterns  on  the  material  being 
welded.  If  the  heat  flow  patterns  for  a  high-quality  weld  are  estab¬ 
lished,  the  amount  of  deviation  of  the  actual  weld  heat  flow  patterns 
from  the  established  values  can  be  used  as  a  measure  of  the  quality  of 
the  weld.  When  the  quality  level  reaches  a  level  considered 


unsatisfactory,  a  control  system  can  be  used  to  provide  real-time  cor¬ 
rective  action.  This  area  has  been  the  subject  of  several  studies. 

B.  PREVIOUS  STUDIES 

The  first  significant  studies  of  heat  flow  in  welding  were  con¬ 
ducted  by  Rosenthal  starting  in  the  late  1930s.  Rosenthal  investigated 
both  point  £uid  line  heat  sources  as  idealizations  of  the  welding  pro¬ 
cess.  Results  of  such  analyses  are  only  applicable  far  away  from  the 
heat  sources.  Between  1940  and  1980,  there  were  several  studies  of 
heat  transfer  during  the  welding  process,  as  described  by  Koichi 
Masubuchi  [Ref.  1]. 

W.  H.  Giedt  explored  the  problem  of  modeling  a  control  system 
for  the  Gas-Tungsten -Arc  welding  process  [Ref.  2].  A  two-dimensional 
model  originally  proposed  in  Reference  3  is  assumed  to  be  a  reason¬ 
able  approximation  of  the  heat  flow  in  a  work  piece  being  welded.  The 
two-dimensional  model  was  chosen  over  the  more-exact  three-dimen¬ 
sional  model,  primarily  due  to  the  reduced  computational  time  that  is 
required.  For  such  a  system  to  be  practical,  the  welding  system  should 
be  portable.  A  portable  computer  implies  reduced  computational 
speed  from  a  large  mainframe  computer,  thus  the  emphasis  on 
reduced  computational  time. 

Goldak,  Chakravarti,  and  Bibby  have  taken  the  welding  model  a 
step  further  by  modifying  the  grid  pattern  used  [Ref.  4).  In  order  to 
improve  the  ability  of  the  model  to  accommodate  both  shallow  and 
deep  penetration  welds,  the  authors  developed  a  non-axisymmetric. 
three-dimensional,  heat-source  model.  To  accommodate  the  new  heat 
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source,  the  grid  pattern  changed  from  rectangular  to  ellipsoid.  This 
approach  resulted  in  values  that  were  closer  to  experimental  values  for 
both  deep  and  shallow  penetration  welds  than  previous  models.  How¬ 
ever.  the  model  became  significantly  more  complicated  to  achieve  the 
increased  accuracy. 

Kou  and  Le  present  a  three-dimensional  heat  flow  model  for  a 
pipe  undergoing  a  seam  weld  (Ref.  51.  This  model  addressed  the  prob¬ 
lem  of  weld  pool  convection  by  using  an  “effective"  thermal  conduc¬ 
tivity  to  account  for  the  effect  of  convection  within  the  weld  pool  on 
the  heat  flow. 

Oreper  and  Szekely  delve  more  fully  into  the  circulation  patterns 
that  occur  within  a  weld  pool  (Ref.  6).  Their  analysis  centers  around 
three  key  components.  The  heat  flow  must  be  modeled  in  both  solid 
and  molten  regions.  In  the  molten  regions,  fluid  flow  must  take  into 
account  buoyancy,  surface  tension,  and  electromagnetic  forces. 

The  predictions  from  a  computational  model  must  be  experimen¬ 
tally  verified.  Masubuchl  (Ref.  11  describes  several  studies  on  tempera¬ 
ture  measurement  using  thermocouples.  Khan,  et  al..  discuss  the  use 
of  an  Infrared  sensor  to  monitor  weld  surface  temperatures  (Ref.  7J. 
Infrared  imaging  of  the  surface  area  around  the  point  of  application  of 
the  weld  torch  provided  a  means  of  monitoring  temperatures 
throughout  this  small  area.  As  pointed  out  by  them,  the  resolution  of 
such  a  system  must  be  sufficient  to  discriminate  between  disturbances 
that  would  affect  weld  quality  and  system  noise.  Additionally,  the  time 
constant  of  the  system  must  be  sufficiently  small  to  be  able  to  react  to 


a  detected  problem  before  the  torch  has  passed  the  region  of  the  flaw. 
Unless  the  problem  Is  corrected  while  the  area  is  still  molten,  it  will 
not  be  correctable.  The  need  for  a  realistic  model  of  the  welding  pro¬ 
cess  for  real-time  control  is  clear  from  the  study  by  Khan,  et  al. 
IRef.  7). 

C.  MODELING  THE  HEAT  PLOW 

In  order  for  a  real-time  control  system  to  be  effective,  the  model 
must  provide  accurate  data  about  the  heat  flow  in  the  work  piece.  The 
model  developed  in  the  present  study  calculates  enthalpy  and 
temperature  values  in  a  vertical  cross-sectional  plane  of  the  work 
piece.  The  data  is  delivered  as  temperature  at  each  nodal  location. 
Surface  temperature  data  are  obtained  from  a  time  history  of  such 
cross-sections. 

The  flow  of  heat  within  the  work  piece  includes  several  complex 
interactions.  In  the  solid  phase,  conduction,  surface  convection,  and 
radiation  constitute  the  heat  transfer  nodes.  In  the  molten  region,  liq¬ 
uid  phase  material  is  subject  to  added  effects  caused  by  weld  pool  cir¬ 
culation  IRef.  6].  The  need  for  simplifying  assumptions  becomes 
evident  when  computational  speed  is  necessary,  as  in  real-time  con¬ 
trol  applications.  These  are  discussed  in  the  following  chapter. 
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II.  TWO-DIMENSIONAL  FINITE  DIFFERENCE  MODEL 


A.  OBJECTIVES 

The  present  study  examines  a  two-dimensional  model  which 
simulates  the  heat  flow  in  a  cross-section  of  a  work  piece  during  the 
autogenous  (no  filler  metal)  welding  of  a  butt  joint  with  no  contact 
resistance  (see  Figure  1).  The  model  starts  with  all  temperatures  in 
the  cross-section  at  ambient  conditions.  As  the  leading  edge  of  the 
welding  torch  reaches  the  plane  of  the  cross-section,  energy  is  added 
to  the  cross-section  from  the  top  surface,  initially  at  an  increasing 
rate.  As  the  center  of  the  torch  passes  the  cross-section,  the  energy 
added  decreases  until  none  is  being  added  when  the  trailing  edge  of 
the  torch  has  passed  the  cross-section.  The  entire  surface  area  of  the 
slab  is  considered  to  have  free  convection  with  the  ambient  environ¬ 
ment.  Additionally,  the  entire  surface  area  is  able  to  radiate  to  the 
environment. 

The  model  takes  into  consideration  the  effects  of  phase  changes 
within  the  work  piece.  This  is  accomplished  by  using  an  enthalpy  for¬ 
mulation.  The  model  also  accommodates  various  geometric  dimen¬ 
sions,  welding  parameters  (current,  voltage,  efficiency,  torch  speed  of 
advance,  etc.),  and  material  properties.  The  accuracy  to  which  the 
location  of  the  reported  temperature  is  determined  could  be  varied  by 
changing  the  number  of  nodes  at  which  temperature  is  calculated. 
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A  two-dimensional  finite  difference  model  was  chosen  in  this 
study  due  to  its  simplicity  and  faster  computational  speed. 

B.  ENTHALPY  FORMULATION 

Welding,  by  its  very  nature,  involves  a  phase  change  from  solid  to 
liquid  and  eventually  back  to  solid.  Models  considering  uniform  spe¬ 
cific  heat  have  no  way  of  accounting  for  the  latent  heat  of  fusion 
absorbed  by  the  material  as  it  melts  once  it  has  reached  melting  tem¬ 
perature.  The  temperature  of  the  molten  material  will  not  rise  above 
the  melting  temperature  until  its  enthalpy  has  reached  the  sum  of  the 
melting  enthalpy  and  the  latent  heat  of  fusion.  By  using  the  enthalpy  at 
each  node  instead  of  the  temperature  in  the  storage  term  of  the 
energy  equation,  phase  changes  can  be  easily  accommodated  and  the 
temperature  can  be  determined  at  each  time  step.  This  technique  has 
been  employed  in  the  current  computation.  It  is  described  in  detail  in 
Reference  9. 

1.  Derivation  of  Nodal  Finite  Difference  Equations 

There  are  several  categories  of  nodal  finite  difference  equa¬ 
tions  for  the  model  of  a  rectangular  slab.  These  include  interior  nodes, 
surface  nodes  not  subject  to  a  heat  flux,  surface  nodes  subjected  to  a 
heat  flux,  and  surface  corner  nodes.  The  equations  for  the  interior 
nodes,  a  surface  node  with  heat  flux,  and  a  surface  corner  node  are 
developed  in  detail  next.  The  equations  for  all  the  categories  can  be 
found  in  Appendix  A. 
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All  of  the  categories  start  with  an  appropriate  energy  balance 
over  the  control  volume  being  considered.  For  an  Interior  control  vol¬ 
ume,  this  leads  to: 


dH 

=  '5r 


(1) 


Since  the  thermal  conductivity  is  a  function  of  temperature,  it  will  vary 
with  location  as  the  temperature  at  that  location  changes.  This  change 
in  thermal  conductivity  with  location  is  handled  by  calculating  an 
interface  conductivity  for  a  position  halfway  between  the  node  being 
investigated  and  each  of  its  adjacent  neighbors.  This  value  is  referred 
to  as  the  harmonic  mean  value  (Ref.  9].  For  example,  the  conductivity 
between  node  (i,j)  and  node  (i-l.j)  is  found  as  follows: 


\  i(AXL+AX) 


AXL 

2k.-., 


AX 

2k 


k,jAXL-(-k,_jjAX 

jk,  j 
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Therefore: 


i(AXL+AX) 


k  k 
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where  AX  is  distance  in  X  direction  across  node  (i.j),  and 


AXl  is  the  distance  in  X  direction  from  center  of  node  (i.j)  to 
center  of  node  (i-l.j). 

A  similar  procedure  is  followed  for  each  value  of  conductivity  appro¬ 
priate  to  each  of  the  four  boundaries  of  the  nodal  square  (see  Figure  2). 
The  equations  for  each  conductivity  can  be  foimd  in  Appendix  A.  The 
energy  balance  equation  for  an  interior  node  becomes: 

K1*(T(1-  l.J)-TC.J))  *AY  K2  *  (T(I.J  -  1)  -T(I.J))  *  AX 
AXL  AYT 

K3  ♦  (T(I  +  1 .  J)  -  T  a.J))  *  AY  K4*  (T(I.  J  +  1 )  -  T  0.  J))  *  AX 

- a3®  AYB 

H”"'(1.J)-H"(1.J) 

At 


=At  *(K1  *T(I-  1)  *AY/AXL  +  KZ  *T(I,J  -  1)  *AX/AYT 
+  K3*T(I+  I.J)  *AY/AXR  +K4  *T(I. J  +  1)  *  AX/AYB 
-  (K1  *  AY /AXL  +  K2  *  AX/AYT  +  K3  *  AY/AXR 

+  K4  *  AX/ AYB)  *  T(I.J))  +  H”(I.J) 


(6) 


The  energy  balance  for  a  top  wall  node  exposed  to  flux  Q  becomes  (see 
Figure  3): 


K1  *(T(I-  l.J)-T(I,J)) 

K4  *(T(I.J  +  1)-T(I.J))AX 
^  AYB 


+  Q*  AX  + 


K3  *  (T(I  +  1.J)  -  T(I,J))  • 
AJK 


H"'‘(I.J)-H"(I.J) 

At 


(7) 
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Figure  2.  Control  Volume  Diagram  for  Interior  Points 


r’  -  a  ‘ 


Figure  3.  Control  Volume  Diagram  for  Top  Wall  Points 
Exposed  to  External  Heat  Flux 

=  At  *  (9  *  AX  +  K1  ♦  T(I  -  l.J)  *  AYA2  *  AXL) 

+  K3*T(I+  l.J)  *AYA2  *AXR)  +K4  *T(I.J  +  1) 

*  AX/AYB  -  (K1  ♦  AYA2  *  AXL)  +  K3  *  AYA2  *  AXR) 
+  K4*AX/AYB)  *T(I,J))+ 


The  energy  balance  for  a  surface  comer  node  becomes  (see  Figure  4): 


r 


h.TI 

1+1  i+2 


J+1 


h.TI 


\ 

\ 

\ 

I 

C  . 

I 

« 

I 

I 


j+2 


Figure  4.  Control  Volume  Diagram  for  NW  Comer  Point 
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AXR  ~r 

K4*(T(I.J  +  l)-Ta.J))  AX 
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=  At  *(h  *TI*(AX  + AY)y2+K3  *T(I  +  1 J)  *  AY/(2  *  AXR) 
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(10) 
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C.  SPECIAL  CONSIDERATIONS 

1.  Non-Uniform  Grid  Spacing 

The  welding  operation  presents  a  situation  where  a  highly 
concentrated  heat  source  is  applied  to  a  small  region  of  a  surface  at  a 
much  lower  temperature.  This  situation  results  in  large  temperature 
gradients  in  the  vicinity  of  the  torch.  In  order  to  increase  the  accuracy 
of  the  temperature  values  at  any  given  location,  the  concentration  of 
nodes  in  the  affected  area  has  been  increased.  In  the  horizontal  direc¬ 
tion.  one-half  of  the  nodes  were  located  in  the  length  directly  under 
the  heat  source.  The  remaining  half  of  the  nodes  were  equally  spaced 
over  the  distance  from  each  side  edge  to  the  edge  of  the  heat  source. 
Similarly,  one-half  of  the  nodes  were  vertically  positioned  in  the  top 
20  percent  of  the  thickness. 

The  result  is  a  fine  grid  mesh  in  the  region  directly  under  the 
heat  source  where  the  temperature  changes  from  node  to  node  are 
the  greatest.  As  the  distance  from  the  heat  source  increases,  the 
spacing  between  adjacent  nodes  increases,  as  seen  in  Figure  5. 

2.  Modeling  the  Welding  Torch  Arc 

As  seen  in  Figure  6.  the  heat  source  has  been  modeled  as  a 
Gaussian  distribution.  The  rate  at  which  energy  is  imparted  from  the 
torch  to  the  surface  is  assumed  to  equal  the  voltage  multiplied  by  the 
current  multiplied  by  the  welding  efficiency. 
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Direction  of 
Torch  Motion 


Figure  6.  Welding  Torch  Arc 


where  "n,  the  welding  efficiency,  is  an  empirical  factor  to  account  for 
the  energy  losses  from  the  arc  and  the  weld  pool  surface. 

Equation  11  also  gives  rise  to  a  Gaussian  distribution  of  the 
heat  flux  q".  The  maximum  value  of  q"  occurs  at  the  center  line  of  the 
distribution.  This  peak  flux  value  q"  was  established  such  that  the 
integral  of  the  flux  values  over  the  area  the  torch  covers  (a  circle  of 
diameter  FW.  the  flame  width)  is  equal  to  “nVl. 


Qo  = 


jt 


where  C  =  - 


ln(.OD 


(12) 


The  constant  C  was  chosen  such  that  the  flux  was  reduced  to  a  value  of 
1  percent  of  the  center  line  value  by  the  time  it  had  reached  the 
maximum  distance  from  the  center  line  (FW/2). 

The  model  of  the  arc  is  designed  to  simulate  the  passage  of 
the  torch  over  a  given  cross-sectional  plane.  Equation  13  is  the  final 
equation  taking  both  horizontal  position  and  the  passage  of  time  into 
account. 


n"-  n"  p-<^L/2-XroT)*  -C(FW/2-(TIMTOT  )<V))* 


(13) 


The  first  exponential  term  takes  Into  account  the  horizontal 
location.  The  upper  left-hand  corner  is  always  the  origin.  XTOT  is  the 
total  distance  traveled  In  the  x  direction.  L/2-XTOT  represents  the 
distance  away  from  the  center  line.  C  is  the  same  value  as  in  equation 


12.  Far  away  from  the  center  line,  the  argument  of  the  exponential  is  a 
very  large  negative  number,  hence  q"  approaches  zero.  As  XTOT  reaches 
the  edge  of  the  flame,  q*  equals  one  percent  of  qS-  As  XTOT  reaches 
L/2.  q*  =  qS.  The  squaring  of  the  distance  allows  the  equation  to  decay 
as  XTOT  increases  above  L/2  In  a  mirror  image  of  how  it  was  built  up. 

The  second  exponential  term  is  very  similar  to  the  first. 
However,  this  term  accounts  for  the  approach  and  passage  of  the  torch 
over  the  cross-section  of  interest.  FW/2  is  the  distance  from  the  cen¬ 
ter  line  of  the  torch  to  the  edge  of  the  flame.  TIMTOT  *  V  accounts  for 
the  distance  that  the  torch  has  traveled  from  its  initial  starting  point. 
The  computations  were  started  when  the  leading  edge  of  the  torch 
was  1/4  FW  away  from  the  cross-section  of  Interest.  Choosing  this 
location  allowed  for  observing  the  effects  of  the  approach  of  the  weld¬ 
ing  torch.  As  was  the  case  in  the  horizontal  direction,  the  flux  value 
builds  up  to  a  maximum  when  the  torch  is  directly  over  the  cross-sec¬ 
tion  of  Interest  and  decays  off  in  a  mirror  image  of  the  way  it  built  up. 

By  multlpl)dng  the  two  exponential  terms  together,  the  true 
bell  shape  of  the  flux  distribution  is  achieved. 

D.  SOLUTION  PROCEDURE 

This  model  of  heat  flow  has  been  developed  using  the  explicit 
technique.  This  implies  that  the  enthalpy  values  for  the  new  time  level 
are  calculated  from  known  enthalpy  values  at  the  previous  time  level. 

The  enthalpy  at  each  node  was  initialized  based  upon  its  control 
volume  and  the  ambient  temperature  (293K).  The  enthalpy  values  for 
each  node  at  time  level  n  +  1  are  determined  using  the  equations  in 


Appendix  A.  The  temperature  at  each  node  at  time  level  n  +  1  can 
then  be  determined  through  equation  14. 


pCpAXAY 


(14) 


where  p  =  density  of  material 

AXAY  =  control  volume  term  for  2D  system 
Cp  =  specific  heat 

The  values  for  specific  heat  (Cp)  are  also  temperature  dependent. 
In  order  to  use  an  explicit  marching  scheme.  Cp  was  evaluated  at  tem¬ 
peratures  calculated  at  time  level  n.  Due  to  the  small  time  steps  used, 
the  error  due  to  this  approximation  is  likely  to  be  very  small. 

Once  the  temperature  at  a  node  has  reached  the  melting  temper¬ 
ature.  equation  6  must  be  modified.  The  latent  heat  of  fusion  of  the 
material  must  be  accounted  for.  In  order  to  get  a  correct  temperature 
value  once  the  material  is  molten,  the  latent  heat  of  fusion  must  be 
subtracted  from  the  enthalpy  of  the  control  volume,  as  seen  in  the  fol¬ 
lowing  equations. 

ENFUS  =  (LATENT  HEAT  OF  FUSION)  pAXAY  (15) 


ENMELT  =  (TMELT)  CppAXAY 


For  Hn+l(I.J)  >  ENMELT  +  ENFUS 
n-  H”"‘(I.J) -ENFUS 


pC  axay 


(16) 


(17) 
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For  ENMELT  <  Hn+l(l.j)  <  ENMELT  +  ENFUS 
Tn+1  =  TMELT 


(18) 
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m.  RESULTS 


A.  PARAMETERS 

The  model  was  run  in  tests  of  various  combinations  of  the  variable 
parameters.  Test  runs  were  made  for  two  materials,  steel  and  alu¬ 
minum,  The  specific  properties  of  the  materials  can  be  found  in 
Appendix  B  [Ref.  11]. 

Because  the  model  used  the  explicit  method  for  solving  the  finite 
difference  equations,  computational  stability  was  a  matter  of  concern. 
For  a  two-dimensional  problem,  the  Fourier  number  for  an  interior 
node  must  always  be  less  than  or  equal  to  0.25  to  maintain  stability 
(Ref.  12]  (see  equation  19).  Expressions  similar  to  equation  19  can  be 
derived  from  the  boundary  nodes. 

^  aAt  kAt  ^  1 

Fo  = - 2  = - 2  ^  T 

(AX)  pCp(AX)  (19) 

The  result  of  equation  19  is  to  tie  the  precision  of  location  of  any  given 
node,  the  AX  value,  to  the  time  step  required  to  maintain  stability.  As 
the  precision  increases  (AX  decreases),  the  time  step  decreases  by  the 
square  of  the  change  in  AX.  This  situation  puts  a  premium  on  the 
minimum  required  accuracy  in  order  to  maintain  reasonable  time 
steps. 

The  parameters  for  the  standard  work  pieces  and  torch  settings 
were  established  as  follows: 
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Width  0.35m  Voltage  28  Volts 

Thickness  0.15m  Efficiency  0.80 

Current  170  Amperes  Speed  of  Advance  2.54  x  10-3  m/sec 

These  dimensions  and  parameters  were  chosen  to  allow  for  compari¬ 
son  with  results  obtained  from  an  Instrumented  steel  slab  with  similar 
parameters  performed  by  Kihara,  et  al..  and  described  in  Reference  1. 

The  first  four  computational  runs  for  the  two  materials  were  made 
with  varying  spacing.  The  fifth  run  was  made  with  an  increased  torch 
speed  of  advance.  The  sixth  run  was  made  with  a  reduced  current.  The 
seventh  run  was  made  with  a  smaller  work  piece. 

B.  DISCUSSION 

The  data  from  all  runs  can  be  found  in  Appendix  D. 

The  first  four  sets  of  results  show  the  effect  of  grid  spacing  upon 
the  computations.  In  all  cases,  as  the  grid  spacing  became  smaller,  the 
temperature  values  are  likely  to  become  more  accurate.  The  40  x  40 
grid  spacing  was  taken  as  the  optimum  value  since  the  highest  tem¬ 
perature  (center  line  value  at  time  8.8  seconds)  was  less  than  one 
percent  different  from  the  value  obtained  with  a  50  x  50  grid  spacing. 
The  increase  in  accuracy  obtained  with  the  50  x  50  grid  spacing, 
though  minimal,  had  a  high  cost  in  computational  speed.  The  50  x  50 
grid  required  approximately  twice  the  amount  of  time  to  run  as  did 
the  40  X  40  grid. 

The  data  followed  expected  trends  in  that  the  steel  heated  up  to  a 
much  higher  temperature  but  the  heat-affected  zone  was  much 
smaller  than  for  aluminum.  This  is  appropriate  because  the  thermal 


21 


diffusivity  of  aluminum  (uai  *  97  x  10®  m2 /sec)  is  approximately  five 
times  greater  than  the  thermal  diffusivily  of  steel  (ape  “  18  x  10® 
m2 /sec). 

With  current  reduced  by  10  percent  from  170  Amps  to  153  Amps 
and  using  a  41  x  41  grid,  the  maximum  temperature  rise  achieved  on 
the  center  line  of  the  cross-section  was  reduced  by  approximately  10 
percent  in  both  the  siluminum  (11  percent)  and  steel  (9.5  percent) 
samples.  The  depth  of  penetration  of  the  molten  region  was  also 
reduced  as  expected.  Less  energy  being  put  into  the  samples  resulted 
in  less  penetration  and  a  lower  peak  temperature. 

The  increase  in  speed  of  advance  of  the  torch  by  10  percent  from 
2.54  X  10*3  m/sec  to  2.794  x  10*3  m/sec  resulted  in  a  reduction  of  the 
increase  in  maximum  center  line  temperature  of  approximately  five 
percent.  Again,  the  depth  of  penetration  was  reduced.  In  this  case,  the 
energy  level  was  not  reduced  but  it  was  not  allowed  to  act  on  the 
cross-section  as  long.  The  net  result  was  still  less  energy  being  input 
to  the  cross-section. 

As  a  check  of  the  model  against  experimental  data,  the  41  x  41 
baseline  grid  was  allowed  to  continue  to  run  until  45  seconds  had 
passed  since  the  torch  passed  the  cross-section  (total  time:  60.8  sec¬ 
onds).  The  center-line  surface  temperatures  after  the  torch  had 
passed  were  plotted  agadnst  the  data  available  from  the  instrumented 
slab  experiments  [Ref.  1).  The  correlation  between  the  model  and  the 
experimental  data  is  good,  especially  since  the  material  properties  of 


the  experimental  steel  had  to  be  approximated  with  data  from  the 
most  similar  alloy  for  which  data  were  available  (see  Figure  7). 


LEGEND 

□  MODEL 

o  EXPERIMENTAL 

'"HEAT  'SOURCE  'R'E'MQ'VE'D'  'HERE 


TIME  (SEC) 


Figure  7.  Comparison  of  Computational  Results  and  Experimental 
Data  From  Kihara  for  Center-Line  Surface  Temperatures  After  the 
Heat  Source  Has  Completely  Passed  the  Center  Line  Surface  Node 


IV.  CONCLUSIONS 


The  model  developed  here  Is  an  adequate  simulation  of  the  heat 
flow  during  fusion  welding  at  locations  far  away  from  the  ends  of  the 
work  piece.  Improvement  can  be  made  by  addressing  the  convective 
heat  transfer  within  the  molten  weld  pool. 

The  model  is  based  upon  an  explicit  technique  and  hence  is 
dependent  upon  the  availability  of  a  fast  computer  in  order  to  handle 
small  dimensions  with  good  precision.  To  be  practical  for  use  on  a 
mobile  system,  a  fast,  unconditionally  stable  model  must  be  developed. 

The  model  should  be  expanded  to  three  dimensions  in  order  to 
be  reliable  in  all  locations  of  the  work  piece,  not  Just  in  the  interior 
regions. 

Actual  experiments  with  instrumented  work  pieces  should  be 
performed  to  verify  the  data  obtained  from  the  model. 
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APPENDIX  A 

MODEL  BgUATIONS 


A.  CONDUCTIVITY  EQUATIONS 

k,  ,  ♦k,,  *(AXR+AX) 
k,j*AXR  +  k,_jj*AX 


2. 


3. 


4. 


k,.j  *k,j*(AYT+AY) 

K9  =  k  = _ — - - - 

‘•J-r  k,,j*AYT  +  k,j_,  *AY 

k,^,  *  k, ,  ♦  (AXR  +  AX) 

K‘^  =  k  =  .  ■  - - - 

i*i.j  k,.j*AXR+k,^,j*AX 

_^.i..*k.,*(AYB-hAY) 
i.j4  k,.j  *  AYB  +  k,  *  AY 


B.  NODAL  EQUATIONS 

EN(I,J):  enthalpy  at  node  (i.j)  from  previous  iteration  [J/m] 

EN1(I,J):  enthalpy  at  node  (i,j)  for  current  iteration  [J/m] 

TIME:  time  step  [sec] 

H:  convection  (film)  coefficient  [W/m^  Kj 


TI: 

Q 


ambient  temperature  [Kj 
flux  [W/m2] 
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1.  NW  Comer 


EN1(I.J)=TIME*((AX +AY)  ♦H  *TI/2  +K3  *T(I  +  l.J) 

*  AYA2  *  AXR)  +  K4  *  T(I,J  +  1)  ♦  AXA2  ♦  AYB) 

-  ((AX  +  AY)  *  H/2  +  K3  *  AYA2  *  AXR)  +  K4 

*  AX A2  ♦  AYB))  *  T(I.J))  +  EN(I.  J) 

2.  SW  Comer 

EN1(I.J)=TIME*((AX  +AY)  +K3  *T(I  +  l.J) 

*  AYA2  *  AXR)  +  K2  *  T(I.J  -  1)  *  AXA2  *  AYT) 

-  ((AX  +  AY)  *  H/2  +  K2  *  AYA2  *  AXR)  +  K2 

*  AXA2  *  AYT))  *  T(I.J))  +  EN(I,J) 

3.  Left  Wall  (Not  Corners) 

ENKI.J)  =TIME*(AY  *H  *TI+K3  *T(I  +  1.  J)  *  AY/AXR 
+  K2  *  T(I.  J  -  1)  *  AXA2  *  AYT)  +  K4  ♦  T(I.  J  +  1) 

*  AXA2  *  AYB)  -  (H  *  AY  +  K3  ♦  AY /AXR  +  K2 

*  AXA2  *  AYT)  +  K4  *  AXA2  *  AYB))  *  T(I,J))  +  EN(I.  J) 
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4.  NE  Comer 


EN1(I.J)=TIME*((AX  +AY)  *H  *TI/2  +K1  *7(1-  l.J) 

*  AYA2  ♦  AXL)  +  K4  ♦  T(I,J  +  1)  ♦  AXA2  *  AYB) 

-  ((AX  +  AY)  *  H/2  +  K1  *  AYA2  ♦  AXL)  +  K4 

*  AXA2  *  AYB))  *T(I.J))  +EN(I.J) 

5.  Top  Wall— Flux  (Not  Comers) 

ENl(I.J)  =TIME*(Q  ♦  AX  +K1  *T(I  -  l.J)  *  AYA2  *  AXL) 

+  K3*Ta  +  l.J)  *AYA2  *AXR)  +K4  *T(I.J+  1) 

*  AX /AYB  -  (K1  ♦  AYA2  ♦  AXL)  +  K3  *  AYA2  *  AXR) 
+  K4*AX/AYB)  *T(I.J))  +  EN(I,J) 

6.  Top  Wall— Fluz/No  Flux  Interface 

ENl(I.J)  =  TIME  *  (Q  *  AX/2  +  AX  *TI/2+Kl*T(I-  l.J) 

*AYA2*AXL)4-K3*T(I+1.J)*AYA2  *  AXR) 

+  K4*T(I.J+  1)  *AX/AYB  -(H  ♦  AX/2  +K1 

*  AYA2  *  AXL)  +  K3  ♦  AYA2  *  AXR)  +  K4 

*  AX/AYB)  *  T(I.J))  +  EN(I.  J) 
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7.  Top  Wall— No  Flux 


EN1(I.J)=TIME*(AX  ♦TI+Kl  *T(I-  l.J) 

*  AYA2  *  AXL)  +  K3  *  T(I  +  1  ,J)  ♦  AYA2  *  AXR) 

+  K4*T(I.J  +  1)  *AX/AYB-(AX  *H+K1 

*  AY/(2  *  AXL)  +  K3  *  AY/(2  *  AXR)  +  K4 

*  AX/AYB)  *  T(I.J))  +  ENd,  J) 

8.  SB  Comer 

EN1(I,J)  =TIME*((AX  +AY)  *H  *Tiy2+Kl  *T(I-  l.J) 
*AYA2*AXL)  +  K2*T(I,J  -  1)  *AX/(2  *AYT) 

-  ((AX  +  AY)  *  H/2  +  K1  *  AYA2  *  AXL)  +  K2 

*  AX/(2  *  AYT))  *  T(I.J))  +  EN(I.J) 

9.  Right  Wall  (Not  Corners) 

ENKI.J)  =TIME*(AY  *H  *TI+K1  *T(I  -  l.J)  *  AY /AXL 
+  K2  *  T(I.  J  -  1)  *  AX  A2  *  AYT)  +  K4  *  T(I.  J  +  1) 

*  AX/(2  *  AYB)  -  (AY  *  H  +  K1  *  AY/AXL  +  K2 

*  AX/(2  *  AYT)  +  K4  *  AX/(2  *  AYB))  *  T(I.J))  +  EN(I.  J) 
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10.  Bottom  Wall  (Not  Comers) 

ENl(I.J)  =TIME  *  (AX  *  H  *T1+  K1  *T(I  -  1.  J)  *  AYA2  *  AXL) 

+  K3*T(I+  l.J)  ♦AY/AXR  +K2  *T(I.  J  -  1)  *  AX/AYT 
-  (AX  *  H  +  K1  *  AYA2  ♦  AXL)  +  K3  ♦  AYA2  ♦  AXR) 

+  K2  *  AX/AYT)*T(I.J))  +EN(I.J) 

11.  Interior  Points 

EN1(I.J)=TIME*(K1*T(I-  l.J)  *AY/AXL  +  K3*T(I+  l.J) 

*  AY /AXR  +  K2  *  T(I.J  -  1)  *  AX/AYT  +  K4 

*  Td.J  +  1)  ♦  AX/AYB  -  (K1  *  AY /AXL  +  K3  *  AY /AXR 
+  K2  ♦  AX/AYT  +  K4  *  AX/AYB)  *  T(I,J))  +  EN(I.J) 
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APPENDIX  B 
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MATERIAL  DATA 


1.  Aluminum 


99.996%  pure 

Melting  Temperature  =  933, 5K 

LHF  =  3.98  X  105  J/kg 

a.  Conductivity 

Temperature  [K] 

Conductivity  [W/m 

273.2 

239 

373.2 

234 

473.2 

228 

573.3 

221 

673.2 

215 

773.2 

208 

873.2 

201 

973.2 

103 

1073.2 

121 

Approximated  by: 

K  =  248.918398  -  .02075127  T 

-  6.324  X  10-5  T2  +  2.78 

[W/mK] 

b.  Specific  Heat 

Temperature  [KJ 

Cp  Ical/g  KJ 

373.0 

2.2832  X  10-1 

473.0 

2.3795  X  10-1 

573.0 

2.4759  X  10-1 

673.0 

2.5760  X  10-1 

773.0 

2.6723  X  10-1 

873.0 

2.7687  X  10-1 

30 


4 

m 


Approximated  by: 

Cp  =  803.1932  +  .4071  T  (J/kg  K] 

2.  Steel 

Alloy:  .23C  1.50  Mn  .12  Si 
Melting  Temperature  =  1810  K 
LHF  =  2.473  x  lO^  J/kg 

a.  Conductivity 

Temperature  [°K1  Conductivity  IW/m  K] 


273.2 

46.0 

323.2 

46.0 

373.2 

46.0 

423.2 

45.6 

Approximated  by: 

K  =  46.7358  -  .0024  T 

[W/m  K) 

Specific  Heat 

Alloy:  .13C  .61  Mn  .2  Si 

Temperature  [K] 

Cp  Ical/g  K1 

273 

.1039 

293 

.1061 

323 

.1109 

373 

.1180 

423 

.1221 

473 

.1260 

523 

.1291 

573 

.1331 

623 

.1381 

673 

.1429 

723 

.1501 

773 

.1582 

823 

.1671 

873 

.1802 

923 

.1953 

I 
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( 


^erature  [K] 

Cp  Ical/g  K1 

973 

.2151 

1013 

.2414 

1036 

.2916 

1053 

.2130 

1073 

.1991 

1113 

.1871 

1141 

.1821 

1179 

.1570 

1223 

.1561 

1273 

.1570 

Approximated  by: 

Cp  =  418.458  +  .2115  T  [J/kg  K] 


The  numerical  data  was  obtained  from  Reference  11. 
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APPENDIX  C 


COMPUTER  PROGRAM  OF  MODEL 

f’fl  .*Js  Jjs  ffi  :I;  rji  *  s|s  i..  ?‘i  .*1*  fi:  Kt  sJ»  sji  V  Jj*  *  4*  *1'  ^  jU  »!«  >Ji  <!'.  iV-  s'fl  -■!'- 

* 

THIS  PROGR.\M  CALCULATES  THE  TEMPEIU^TURE 
*  DISTRIBUTION  IN  A  FLAT  PLATE  WHICH  IS 
’:•  EXPOSED  TO  CONVECTIVE  AND  R.VDIATIVE 
'•  LOSSES  ON  ALL  SIDES  AND  HAS  A  GAUSSIAN 
DISTRIBUTION  HEAT  SOURCE  PASS  DOWN  THE 
-  CENTERLINE  OF  THE  PLATE. 


D 1  .M ENS ION  T(05 1 .05 1  ).EN  1(05 1 .05 1  ).OLTPT{6.05 1 ). 

&  TEST(  6),EN(05 1 ,05 1  )T9(05 1  ,U5 1  ).S(05 1 .05 1 }, 

&  K\IELT(05 1.051) 

RE.\L='-8  DX.DV.F  K.L.W.INTVL.Q.Al.BI.Cl.Dl.TlME.RHO.C. 
cV  R.Z9.LRC.K9.T.19.EN1.EN.0UTPT.TEST.S.T1.K1.K:.K3. 

A;  4.LNMi;LT.T.MFLT.FW.Qo.V.C:.K.MFLT.EFr.VOLT.CURR. 
ct  QTOTl".IIC.ENFUS.Tl.MTOr.FACTOR.DXL.DXR.DVT.DYB. 
.X  XTOT.DXl.D.X: 

INTEGER  LJ.ITMSH.CNT.BAR.N.Z.FLUXI.FLUXXWF.ll. 
cX  Jl.FLAG 

CO.M.MON  11.J1.A1.B1.C1.D1,T.KI.K:.K3,K4.K.\1ELT.DXL. 

&  D.XR.DVT.DYB 
OPEN(UNIT=  1.F1LE=  OUTPT) 

A1  =  46.7358 
Bl  = -.002400148 
Cl=o 
Dl  =(» 


BAR 

L  =  0.26:5UD«J 
\V  =  0. 1 1 25t  (DO 
EFF  =  0.8DO 
VOLT  =  02S,DO 
CLRR=  ro.DO 
R!lO=7.S5E  +  03 
HC  =  9.782 
FACTOR  =  1.0 
N  =  03o 

TlMOR(3  =  .02<'U(iDO 
■]  IME=  !  l.MORG 
rw=  2.<>rK)j:-(i2 
V  =  2.54' i!.-' '3 
TMI.T.T=-  iSld.Do 


FLIXI  =  N!NIT5-N+  I)-IM(.25'^N) 
r;.FX2=  NiM(.5^  N-  I  IN  /(.25'N( 

OlO'i  ='> 

\\  Ri  I  F(  vG  FIT  XI,ri.LX2 
C2= -I  OG-.'i!  I  (I W  2)-  -'2 
Q()=  FFF-A'OI.  I  C  O  RK  ('2  3.14I5'i3 
T1  =  2‘)3.D" 

DO  100  J=  I.N~  I 
DO  105  1=  I.N^  I 
KMFLIiI..l)=  l.Do 

N 33' CORNER 

H-  ((J.EQ.ll.AND.d.Eg.lO  I  HEN 
S(E.I)=  .25DO 

----  SW  CORNER 

EESE  IE  ((.I.EO  N*  1  ).AND.(EEQ.1«'.  1  '1I;N 
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S(1.J)=.:5D0 

•  LLFT  WALL  (NOT  CORNERS) 

ELSE  IF(LEQ.l)  THEN 
S(I,.I)=.5D0 

NE  CORNER 

ELSE  IF  ((J.EQ.1).AND.(I.EQ.N+  1))  THEN 
S(1.J)=.25DU 

jOP  WALL  (NOT  CORNERS) 


&  THEN 
S(I.J)  =  .5D0 

-----  SE  CORNER 

ELSE  IF  ((J.LQ.N  +  1  ).AND.(LEQ.N  +  D)  THEN 
S(IJ)=.:5DI) 

-----  RIGHT  WALL  (NOT  CORNERS) 

ELSE  IF  (I.EQ.N  +  1)  THEN 
S<1.J)=.5D() 

BOTTOM  WALL  (NOT  CORNERS) 
ELSE  IF  (J.EQ.N^  I  )  THEN 
S(IJ)=.5D'i 

-■---  INTERIOR  POINTS 

ELSE 

I  S.I.J)=I.D(i 

END  ll- 


!)) 


'1(I.J)=  29?. DD 

IF  (d.GT.I  LL.\I),AND.(LLT.FLLX2))  THEN 
DX=  FW  (r'LLX2-FLL  XI) 

DXI  =  DX 

ELSE  IF  ((LEQ.FLLXI).OR.(EEQ.FLUX2))  THEN 
DX  =  ( F\\'  (FLL  X2-FLL  X I )  +  ( L-FAV)  (N  +  FLL  X I -FLL  X2)) 
ELSE 

DX  =  ( L- F W )  ( N  +  FL  L  X  I  - r  LL  X2 ) 

DX2=DX 


END  IF 
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IF  (J.LT.MNT(.5nN+  1)))  THEN 
DY  =  0.2nV  NTNT(.5-(N+  1)) 

ELSE  IF  (J.EQ.NTNT(.5^MN+  1)))  THEN 
DY  =  {.2nV  NINT(.5YN+  l))  +  .8nV;(N-NTNT(.5-(N+  1))))  2 
ELSE 

DY  =  O.SnV  (N-NINT(.5-(N  +  I ))) 

END  IF 

EN(IJ)=7.S5E  +  03=MS0.428^'293*-DX*‘DY*S(I.J) 

T9HJ)=293 
105  CONTINUE 
100  CONTINUE 

109  F0RMAT(1X,21F5.2) 

TIMTOT  =  0 

CNT  =  0 

110  CNT=CNT+I 

1 1 MTOT  -  TIM  TOT  +  TIM  E 
DO  20()  J=  l.N  -f  1 
XTOT=0 
DO  205  1=  UN+  1 
T9(1.J)=T(I..I) 

IF  ((LGT.1-LUXI).AND.(LLT.FLUX2))  THEN 
DX=FW(FLUX2-ILUXH 
IF  (I-l.EQ.FLUXl)  THEN 

DXL  =  ((L-FW)  {N  +  FLUX1-FLUX2)+F\V  (FLUX2-FLUX1 ))  2 
DXR=DX 

ELSE  IF  (1  +  1.EQ.FLUX2)  THEN 
DXL=DX 

DXR  =  ((L-FW)  (N  +  FLUX1-FLUX2)  +  FW  (FLUX2-FLLX1 ))  2 
ELSE 
DXL=DX 
DXR=DX 
END  IF 

ELSE  IF  (I.EQ.FLUXl)  THEN 

DX  =  (F\V  (FLUX2-FLUXn  +  {L-F\V)  (N  +  ELUXl-FLUX:n  2 
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DXL  =  ( L-FW)  ( \  +  FL LX  1  -FL LX2) 

DXR=  FW  (FLLX2-FLLX1) 

ELSE  IF(I.EQ.FLLX2)THEN 

DX  =  (F\V  (FLLX2-FH:X1)  +  (L-FW)  (N  +  FLLX1-FLUX2))  2 
DXL=  FW  (FLLX2-FLLX1) 

DXR  =  (L-FW)  (N  +  FLLX1-FLLX2) 

ELSE 

DX  =  (L-FW)  (N  +  FLLX1-FLLX2) 

IF(I  +  1.EQ.FLLX1)THEN 
DXL=DX 

DXR  =  (FW(FLLX2-FLLX1)  +  (L-FW){N  +  FLUX1-FLLX2))  2 
ELSE  IF  1I-1.EQ.FLLX2)  THEN 
DXL  =  (FW  (FLLX2-FLLX1)  +  (L-FW)  (N+ FLLX1-FLLX2))  2 
DXR=DX 
ELSE 
DXL=DX 
DXR=DX 
END  IF 
END  IF 

IF  (J.LT.NINT(.5nN-^l)))THEN 
DY  =  0.2-W  N1NT(.5-(N^  1)) 

IF  (.1-  I.EQ.NINT(.5’-VN-  1)))  THEN 
DYT=DV 

D^  B  =  (.Snv  (N-NlNT(.5’'VN-M)))  +  .2-W 
&  NINT(.5YN- !)))  2 
ELSE 
DYT=DY 
DYB  =  DY 
END  IF 

ELSE  IF  {J.EQ.NINT(.5-(N+  1)))  THEN 
DY  =  (.2nV  NTNT(.5YN+  l))+.snv  (N-N1NT(.5-{N+  1))))  2 
DYT=.2WV  NINT(.5-(N+I)) 

DYB  =  .SWV  (N-NINT{.5-(N  +  1 ))) 

ELSE 


D  Y  =  0.  S  -  W.  ( N-N I  NT(  .5-(N  +  I ))) 

DVT=DY 
DYB  =  DY 
END  IF 
11  =  1 
JI  =  J 
K1  =  0 

k:=o 

K3  =  0 
K4  =  0 

H  =  HC  +  4.0*5.67E-08'0.5-T( 

N\V  CORNER 

IF  I(.l.EQ.l).AND,(I.EQ.l))  THEN 
CALL  COND3 
CALL  COND4 

ENT { 1 J )  =  1 1 M E n( DX  +  D\ )  T  I ’•  TI  2 -  K 3 -T( I  +  1  .J 
&  D'J-  (2H3XR)  +  K4-T( IJ  +  1  )TTX  (:’•  DYBH(DX  + DY) 
&  ’'Tl  2+  K3'  DY  (2-DXR)-^  K4'  DX  (2'  DYB)) 

&  n(i..n)-EN(i..M 

SW  CORNER 

ELSE  IF  i(J.I:Q.N4-  1  j.AND.d.EQ.lV)  IIIEN 
CALL  COND2 
CALL  COND3 

E NT  ( I  ..I  )=  T LM  L  ^(  ( DX  ^  O'!'  )d  I  '-Tl  2  +  K  3  nd  +  1 f 
&.  DY  (2-  DXR)+  K2  -’H1..1-1  i-  DX  (2' DY'i  )-((DX  ^  D^■) 

&  ’••■H  2+  K3n)Y  (2’-  DXR)-  K2-DX  (2' DM')) 
-T(LJ))+EN(LJ) 

LEFT  WALL  (NOT  CORNERS) 

ELSE  IF  (l.EQ.l  )  THEN 
CALL  COND2 
CALL  COND3 
CALL  COND4 

E  NT  ( I J )  =  T I M  E  D^'  H  I  -  LI  +  K  3  I  +  I J  )-D^’  DX  R 

&  +K2'T(L.M)-DX  (2'DYr)^K4-T(lJ+  1) 


&  *DX  (2*DVB)-(H’=’DY+  K3 W'  DXR+  K2-DX  (2’^’DYT) 

&  +K4-DX  (2-DYB))''T(I.J))+  EN(I.J) 

CORNER 

ELSE  IF  ((J.EQ.1).AND.(I.EQ.N+  D)  THEN 
CALL  CONDI 
CALL  COND4 

EN1(IJ)=  TIME*((DX  +  DY)-H*T1  2+  KPT(I-LJ) 

&  ■^•DY  (2*DXL)+K4n(LJ+  1)-DX  (2’'DYBH(DX  +  DY) 

&  ■'H  2+KPDY\2-DXL)  +  K4-DX  (2*DYB)) 

&  ^T(LJ))  +  EN(LJ) 

jOP  WALL-FLLX  (NOT  CORNERS) 

ELSE  lF({J.EQ.n.AND.(LGT.FLLXI).AND.(LLT.ELUX2)) 

&  THEN 

IF  (EXP(-C2=N:L  2-XTOT)--='2).LT.0.01)  GO  TO  999 
IF  (EXF(-C2  ''(2.0U-F\V  2-TIMTOT--‘V)*-2).LT.O.iJl }  GO  TO 
&  999 

CALL  CONDI 
CALL  COND3 
CALL  COND4 

Q  =  Q0-EXP(-C2-(L  2-XTOT)’'”^2)’'EXP(-C2’-'{2.00*F\V  2 
.S:  -TlMTOTn')*-2) 

EN  U 1  ..I )  =  T1 M E’^ Q-DX  +  K 1  I- 1  ..I )=•  DY  ( 2’- DXL ) 

&  +K3'TU  +  1.J)’"DY(2-DXR)+K4’"T(I.J+  1  rDX  DYB-(K1 
&  -DY  (2-DXL)^  K3-DY  (2 •  DXR)+  K4’'DX  DYB) 
'••T(1.J))+EN(LJ) 

jOP  WALL-FLLX  NO  FLEX  INTFC 
ELSE  IF  ((J.EQ.l).AND.((LEQ.FLUXl).OR. 

&  {LEQ.FLLX2)).AND.(FLLXLNE.FLUX2))  THEN 
IF  (EXP{-C2''(L  2-XTOT)*''2).LT.0.01)  GO  TO  999 
IF  (EXP(-C2-(2.00*FW  2-TlMTOT<-V)*-2).LT.0.01)  GO  TO 
&  999 

CALL  CONDI 
CALL  COND3 
CALL  COND4 
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Q  =  Q0’=-EXP{-C2’=’(L  2-XTOT)*'-2)*EXP{-C2’^(2.00’=FW  2 
&  -TIMTOTn'-)’'‘-'2) 

ENI(I.J)=TI\IE-^XQ''DX  2+DX’^'H'TI  2  +  KJ*T(I-l,J) 

&  -DV  (2*DXL)  +  K3''T(1  +  I.J)’"DY  (2-DXR)+ K4-T(l J  +  ] } 

&  «DX  DVB-{H*DX  2  +  Kl*DY;(2^DXL)+K3-DY/(2-DXR) 

&  +  K4-DX  DYB)-''T(I.J))  +  EN(I,.l) 

ELSE  IF  {J.EQ.l).AND.((I.EQ.FLLXl).OR. 

&  (l.EQ.FLUX2)).AND.(FLLXl.EQ.FLLX2))  THEN 
IF  (EXP(-C2‘TL  2-XTOT)-’'2).LT.0.01)  GO  TO  999 
IF  (EXP(-C2n2.00=-  F\V  2-TIMTOT-V)*-2).LT.0.01)  GO  TO 
&  999 

CALL  CONDI 
CALL  COND3 
CALL  COND4 

Q  =  Q0n-;XPi-C2'-(L  2-XTOT)'”'’2)'H:XP(-C2'(2.00*FW  2 
&  -TIMTOTn-)-’’'2) 

ENL  1  J)  =  T1  ME’TQ-DX K 1  -T{MJr-DY  (2'DXL) 

&  -f  K3’'T(  I  ^  1J)''DY  {2-DXR)+  K4’n(LJ  +  I  fDX  D\B-(H’'DX  2 
.ic  Kl' O'!'  (2’'DXL,)+  K3-DY  (2T3XR)^  K4V)X  DYB) 

&  ■•n'(I.J))+EN(LJ) 

TOP  WALL-NO  FLLX 

ELSE  IF  ((J.EQ,l).AND.((l.LT.rLLXl;.OR.(LGT.FLLX2))) 

&  THEN 

999  CALL  CONDI 
CALL  COND3 
CALL  COND4 

EN1(LJ)  =  TIME-(DX'TPT1  +  K1''T(1-1,JFDY  (2-DXL) 

&  +K3’^H(1+  UP^DY  (2-DXR)+K4'T(LJ+  IrDX  DYB-(DXHI 

&  +K1-DY,(2-DXL)+K3*DY  (2-DXR)+K4'T:)X  DYB) 

&  ■'•T(1.J))+EN(LJ) 

SE  CORNER 

ELSE  IF  ((J.EQ.N+  1).AND.(LEQ.N+  1))  THEN 
CALL  CONDI 
CALL  COND2 
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E\1(I,J)  =  T1ME-((DX  +  D V)*H'-TI  2+  K 1  M.J) 

&  ’-'DY  (2’'DXL)+  K2-T(I.J-ir'DX  {2-DVTH(DX+DY) 

&  -H  2+KI’'DY  (2-DXL)+K2-DX  (2=='DYT)) 

&  •=^T(I.J))  +  EN(I,J) 

#««««  RIGHT  WALL  (NOT  CORNERS) 

ELSE  1F(LEQ.N+1)THEN 
CALL  CONDI 
CALL  COND2 
CALL  COND4 

ENT(  IJ)  =  TI M  E='{D  YH I  -TI  +  K 1  *T(  I-  LJ  Y,  DXL 

&  +  K2-T(LJ-I)-DX  {2-DYT}+  k'4'T(IJ+  1)*DX  (2-DYB) 

&  -(DYHl  +  KHDY  DXL  +  K2'^DX  (2-DY'n+ K4-DX  (2-DYB)) 
&  ’"T(LJ))+EN{I.J) 

BOTTOM  WALL 
ELSE  IF  (J.EQ.N  +  1)  THEN 
CALL  CONDI 

CALL  cond: 

CALL  COND 3 

ENT(  I J )  =  1 1 M  E’' ( DXM I -TI  +  K 1  -T(  M  J  )-D  Y  (2-DXL) 

+  K3  M(1  ^  l..I)’-  DY  (2''DXR)+  K2*T(1.J-1)’'DX  DYT 
ct  -(DX-H  +  Kin)Y  (2-DXL)+  K3-DY  (2-DXR)4-  K2-DX  DYT) 
’••T{I..I))-r  ENil..) 

-----  INTERIOR  POINTS 

ELSE 

CALL  CONDI 
CALL  COND2 
CALL  COND3 
CALL  COND4 

E N 1  ( I . J )  =  T I M  E  -{ K 1  * T(  I  - 1 . J  )* D  Y  DX  L  +  K  3  I  +  1 J ) 

&  -DY  DXR+K2’M(I,J-1)-DX  DYT+ K4^T(I.J  +  1)^DX  DYB 
&  -(Kl-DY  DXL+  K3-DY  DXR+  K2'=DX  DYT+K4-DX  DYB) 
&  M(I..I))+EN{IJ) 

END  IF 

IF  ((I.GE.FLUX1).AND.H.LT.IT.LX2))  THEN 
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XTOT  =  XTOT  +  DXl 


ELSE 

XT0T  =  XT0T  +  DX2 
END  IF 

205  CONTI  NLE 
200  CONTINUE 
rLAG  =  0 
DO  300  I  =  l,N+l 
DO  305  J=  1.N+  1 

IF  ((I.GT.rLUXl).AND.(I.LT.FLUX2))  THEN 
DX  =  FW  {FLUX2-FLUX1 ) 

ELSE  IF  ((I.EQ.FLUXl).OR.(I.EQ.FLUX2))  THEN 
DX  =  (FW  (1  LLX2-FLLX1)  +  (L-FW)  (N+ FLLX1-FLUX2))  2 
ELSE 

DX  =  (L-F\V)  (N4-FLUX1-FLUX2) 

END  IF 

IF  (J.LT.NINT(.5’='(N+  1)))  THEN 
DY  =  0.:nv  NTNT(.5"(N  +  I )) 

ELSE  IF  (J.EQ.NTNT(.5nN+  D))  THEN 
DY  =  (.:nV  NTNT(.5-(N+  l))+.8nv  (N-NTNT(.5’YN  +  I ))))  2 
ELSE 

DY  =  0.8’-\V  (N-NTNT(.5'XN+  1))) 

END  IF 

C  =  41 8.485 -f  (>.:i  15’:’T(EJ) 

ENMELT=i.\!LLT*(4iS.45S  +  .2115-TMELr)-RHO-DX'’DY-S(EJl 
IF  a:NT(IJ).GT.ENMELT)  THEN 
ENFUS  =  :47300-RHO' DX-DY 
IF(ENT(IJ).GT  ENMELT  +  ENFUS))  THEN 

1\ E.n  =  ( EN 1  ( I .J )-EN FU S )  ( RI  10-C*DXH) Y-S( IJ )) 
KMELT(E.I)=  FACTOR 
FLAG  =  FLAG +1 
ELSE 
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T(I.J)  =  T\1ELT 
KMEI.T(IJ)=  EDO 


END  IF 
ELSE 

T(I.J)=  EN1(I,J)  (RHO-C*DX’^DY*S(IJ)) 

END  IF 

IF(FLAG.EQ.O)  THEN 
TlME  =  TIMORG 
ELSE 

TIME  =  TIMORG  FACTOR 
E>  D  IF 

EN(I,J)=ENT{I.J) 

305  CONTINUE 
300  CONTINUE 
415  FORMAT(1X.:6F5.0) 

C4 1 5  1- ORM  AT{  3  F4.0,35  F5.0,3  F4.0) 

420  ir(CNT.CQ.lj  GO  rO  422 

IF  (CNT.NE.INT(CNT  OOlOl-OOlO)  GO  TO  400 
C  WRITEd/') 

422  WRlTEiN’d  CNT 

421  F0RMAT(1X.F8.I.1X.F8.1.1X.FS.1.1X,F8.1.]X,F8.1) 
\VRITL(1,421)  TLVITOT 

DO  500  J  =  1  .N  T  1 

WRITE(  1.415)  (T(IJ)-293. 1  =  1,16) 

500  CONTINUE 
WRITE)  I.  -  ) 

C400  CONTINUE 
4(J(J  T9{1.J)=T{I.J) 

IF(TIMTOT.LT.15.6)  GO  TO  110 

601  CONTINUE 

602  FORMAT(lX.llAll) 

CLOSE(l) 

C  WRITE)  NdQTOT 
END 

.........  SUBROUTINES  FOR  VALUES  OF  K 

SUBROUTINE  CONDI 
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DIMENSION  T(05 1 ,05 1 ), K  M ELT{05 1 ,05 1 ) 

REALMS  A 1  ,B  1  ,C  1  .D 1  ,A.B.T,K  1  ,K2,K3.K4.KMELT, 

&  DXL,DXR,DYT,DTB 

COMMON  I1,.1I.A1,B1,CI,D1.T,KI,K2,K3,K4.KMELT,DXL, 
&  DXR,DYT,DYB 
INTEGER  II,JI 

A  =  A1  +  B1-T{I1-1,J1)  +  C1^T(IM,J1)’''T+DD'T(I1-1,J1)’^*3 
B  =  AI  +  Bl'T(Il,Jl)  +  CI*T(IlJI)*’=‘2+DrT{Il.Jl)'"T 
Kl  =  A-'B=HDXL  +  DXR)'(DXL’>‘B  +  DXR«Af  KMELT(I1,J1) 
END 

SUBROUTINE  COND2 

DIM ENSION  T(05 1 ,05 1 ),K M ELT{05 1 ,05 1 ) 

READ'S  A1.BI.C1.D1,A.B.T.K1.K2,K3.K4.KMELT.DXL. 

&  DXR.DYT.DTB 

COMMON  Il..II.Al.BI,CI,Dl.T,R'I,K2,K3,K4,KMELr.DXL, 
&  DXR.DYT,DYB 
INTEGER  IIJl 

A  =  A I  +  B 1  -l'(  1 1  ..1 1  - 1 )  +  C 1  ’T  (  1 1  .J 1  - 1  )’• -2  +  D 1  1 1  ..11  - 1 

B  =  A I  +  B I  -'Tdl  JIJ  +  Cl  -T(  IIJl  U”''2  +  D1  ’-d  { IIJl 
K  2  =  A  -  B  ■■  ( D  'iT  ^  D^•  B )  { DM  ’-^  B  +  D^•  B  U-\  K  M  E  LT(  1 1  .J  1 ) 
END 

SUBROUTINE  COND3 
D  i  M  E  N  S 1 0  N  T(  05 1 .05 1 ).  K  M  E  L  I  i  05 1 ,05 1 ) 

REAL-S  A1.B1.C1.D1,A.B,T,KI.K2.R3.K4,KMELT.DXL, 

&  DXR.DYT.DTB 

COMMON  II.J1,A1,B1.C1,D1.T.K1.K2,K3,K4,KMELT.DXL, 
&  DXR.DYT.DYB 
INTEGER  I1..M 

A  =  A1  +  BUT(11  +  1.J1)  +  C1*T(11  +  l,Jl)-'2+Dl''T{ll  +  1,J1) 
B  =  Al  +  BUT(ll.Jl)  +  CUT(Il.JlU-2  +  DDT(ll.Jl)''-^'3 
K 3  =  A'-^Bd DX L  +  DX  R )  ( DX  L'-' A  +  DX  R*B )-  K  M  E LT(  1 1  .J  1 ) 
END 

SUBROUTINE  COND4 

DIMENSION  T(05 1 ,( )5 1 ). K  M  E  E  1(05 1 .05 1 ) 
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REAL-'S  A1.B1.C1.D1.A,B,T,R1,K2,K3.K4.KMELT,DXL. 

&  DXR.DYT,DTB 

COMMON  I1,J1.A1,B1,C1,D1.T,K1,K2,K3,K4,KMELT.DXL. 

&  DXR.DYT.DVB 
INTEGER  II, J1 

A  =  Al  +  BrT(Il.Jl  +  l)  +  Cl-T(lI,Jl  +  l)**2  +  DI'T(Il,Jl  +  l)--3 
B  =  AI  +  Bm(II,JI)  +  CIM'(Il.JI)<”'2  +  Dl’M(II,Jl)’='-=‘3 
K4  =  A-B-( DYT  +  DYB)  (DYT-A  +  DYB*=B)*KM E LT( 1 1  ,J  1 ) 

END 


i 

i 


i 


i 


I 


r 


I 
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APPENDIX  D 


DATA 


The  data  is  presented  in  the  following  format. 

•  Number  on  top  line  to  the  left  is  time  (seconds)  after  start  of  data 
run. 

•  Data  is  presented  as  a  temperature  increase  (K)  over  initial  tem¬ 
perature  (293K) 

•  Only  the  left  half  of  the  cross-section  is  presented:  the  right  half 
is  a  mirror  image  for  all  runs  presented.  (The  left  column  of  data 
corresponds  to  the  left  edge  of  the  cross-section.  The  right  col¬ 
umn  of  the  data  is  at  the  center  line  of  the  cross-section.) 

•  One-half  of  the  vertical  nodes  are  concentrated  in  the  top  20  per¬ 
cent  of  the  thickness  and  one-half  of  the  horizontal  nodes  are 
concentrated  in  the  first  0.01  m  out  from  the  center  line. 


•  Each  data  run  has  four  time  sheets  presented: 


1) 

initial  heating  phase 

~4.0  sec 

2) 

initial  onset  of  molten  conditions 

~6.6  sec 

3) 

maximum  heat  input 

~8.8  sec 

4) 

end  of  run  (torch  completely  past  cross-section) 

15.6  sec 

•  Molten  condition  for  aluminum:  +64 IK 


•  Molten  condition  for  steel:  +1571K 
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47.  131. 

312. 

467. 

477. 

478.  479. 

480. 

480. 

480. 

481. 

0. 

0. 

1. 

4. 

14. 

46.  :29. 

306. 

454. 

464. 

465.  466. 

467. 

467. 

468. 

468. 

0. 

0. 

1. 

4. 

14. 

46.  127. 

300. 

443. 

452. 

453.  454. 

455. 

455.  456.  456. 

0. 

0. 

1. 

4. 

14. 

45.  125. 

294. 

432. 

441. 

442.  443. 

444. 

444. 

445.  445. 

0. 

0. 

i. 

4. 

13. 

43.  119. 

277. 

405. 

413.  414.  415. 

415. 

416. 

416. 

416. 

0. 

0. 

1. 

3. 

11. 

34.  92. 

206. 

292. 

297. 

298.  298. 

298. 

299. 

299. 

299. 

0. 

0. 

1. 

2. 

a. 

26.  67. 

147. 

203. 

206. 

207.  207. 

207. 

207. 

207. 

207. 

0. 

0. 

0. 

2. 

6. 

18.  47. 

100. 

136. 

139. 

139.  139. 

139. 

139. 

139. 

139. 

0. 

0. 

0. 

1. 

4. 

13.  32. 

66. 

89. 

90. 

90.  90. 

90. 

90. 

90. 

91. 

0. 

0. 

0. 

1. 

3. 

8.  21. 

42, 

56. 

57. 

57.  57. 

57. 

57. 

57. 

57. 

0. 

0. 

0. 

1. 

2. 

5.  13. 

26. 

34. 

34. 

34.  34. 

35. 

35. 

35. 

35. 

0. 

0. 

0. 

0. 

1. 

3.  6. 

IS. 

20. 

20. 

20.  20. 

20. 

20. 

20. 

20. 

0. 

0. 

0. 

0. 

1. 

2. 

4. 

9. 

11. 

11. 

11.  12. 

12. 

12. 

12. 

12. 

0. 

0. 

0. 

0. 

0. 

1. 

2. 

5. 

6. 

6. 

6.  6. 

6. 

6. 

6. 

6. 

0. 

0. 

0. 

0. 

0. 

1. 

1. 

3. 

3. 

3. 

3.  3. 

3. 

3. 

3. 

3. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

1. 

2. 

2. 

2.  2. 

2. 

2. 

2. 

2. 

0. 

4. 

0. 

0. 

0. 

0. 

0. 

1. 

1. 

1. 

1.  1. 

1. 

1. 

1. 

1. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0.. 

.03m 


.12m 


Width: 
Thickness : 
Current : 
Voltage: 
Welding  Eff. 
Torch  Speed : 


AL 

.35m 

.15m 

170A 

28V 

Ti  =  .8 

V  =  2.54  mm/sec 


31  x31 


54 


.165m 


.01m 


6.60000 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

4. 

33. 

206.  290. 

313. 

350. 

401. 

464. 

S33. 

599. 

641. 

641. 

679. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

4. 

39. 

204.  276.  293. 

318. 

352. 

391. 

432. 

469. 

4%. 

509. 

517. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

4. 

38. 

194.  251. 

264. 

281. 

301 

328. 

351 

375. 

391 

401 

407. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

4. 

37. 

180.  223.  232.  244. 

258. 

274. 

290. 

304. 

315. 

322. 

325. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

4. 

35. 

162.  195.  201. 

209. 

219. 

229. 

239. 

248.  2SS. 

260. 

261. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

4. 

33. 

144.  169. 

173. 

178. 

184. 

191. 

198. 

201 

208. 

211. 

212. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

4. 

30. 

126.  144. 

147. 

151. 

155. 

159. 

164. 

167. 

170. 

172. 

171 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

4. 

28. 

109.  123. 

125. 

127. 

130. 

131 

136. 

138. 

140. 

141. 

142. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

3. 

25. 

94.  104. 

105. 

107. 

109. 

111. 

Ill 

114. 

115. 

116. 

117. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

3. 

23. 

80.  87. 

89. 

90. 

91. 

92. 

94. 

95. 

95. 

96. 

96. 

• 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

3. 

20. 

68.  74. 

74. 

75. 

76. 

77. 

78. 

79. 

79. 

79. 

80. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

3. 

18. 

58.  62. 

62. 

63. 

64. 

64. 

65. 

65. 

66. 

66. 

66. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

a. 

16. 

49.  52. 

52. 

51 

S3. 

54. 

54. 

54. 

55. 

55. 

55. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

2. 

14. 

41.  44. 

44. 

44. 

45. 

45. 

45. 

45. 

46. 

46. 

46. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

2. 

12. 

35.  37. 

37. 

37. 

37. 

38. 

38. 

38. 

38. 

38. 

38. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

2. 

11. 

30.  31. 

31. 

31. 

32. 

32. 

32. 

32. 

32. 

32. 

32. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

2. 

10. 

25.  27. 

27. 

27. 

27. 

27. 

27. 

27. 

27. 

27. 

£7. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

8. 

22.  23. 

23. 

23. 

23. 

23. 

21 

24. 

24. 

24. 

24. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

8. 

19.  20. 

20. 

20. 

20. 

21. 

21. 

21. 

21. 

21. 

21. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

7. 

18.  18. 

18. 

18. 

18. 

19. 

19. 

19. 

19. 

19. 

19.  > 

f 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

6. 

14.  IS. 

15. 

IS. 

IS. 

IS. 

15. 

IS. 

15. 

IS. 

jk 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

3. 

6.  6. 

6. 

6. 

6. 

6. 

6. 

6. 

6. 

6. 

6.^ 

V 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

2.  2. 

2. 

2. 

2. 

2. 

2. 

2. 

2. 

2. 

2. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1.  1. 

1. 

1. 

1. 

1. 

1. 

1. 

1. 

1. 

t. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

.03m 


.12m 


Thickness  /  Current: 
Width 
Voltage 


AL 

.15m 

/  Welding  Eff.  :  .35m 

/  Torch  Speed:  28V 


170A 

Ti  =  .8 

V  =  2.54  mm/sec 


41  x41 


56 


.165m 


.01m 


s.e 


0. 

0. 

0. 

0. 

0. 

0. 

1. 

7.  39. 

192. 

608. 

753. 

792. 

856. 

943. 1052. 1175. 1300. 1408. 1481. 

1507. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

7. 

39. 

192. 

602.  728. 

759. 

806. 

868.  941.1021.1099.1164.1209.1224. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

7. 

39. 

190. 

581. 

683. 

705. 

739. 

782.  830.  882.  931. 

972. 

999.1009. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

7.  38. 

186. 

552. 

629. 

641. 

668. 

696.  727.  759.  792. 

820. 

838. 

844. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

7.  38. 

181. 

517. 

578. 

589. 

604. 

620.  635.  641.  677. 

699. 

712. 

717. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

7.  37. 

174. 

480. 

S». 

536. 

546. 

557.  569.  580.  595. 

607. 

615. 

618. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

7.  36. 

166. 

442. 

480. 

486. 

493. 

501.  509.  518.  526. 

533. 

537. 

539. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

7. 

35. 

158. 

404. 

434. 

439. 

444. 

449.  455.  461.  466. 

470. 

473. 

474. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

7. 

34. 

149. 

368. 

392. 

395. 

399. 

403.  407.  410.  414. 

416. 

418. 

419. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

6.  32. 

140. 

334. 

353.  355. 

358. 

361.  364.  366.  368. 

370. 

371. 

372. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

6.  31. 

131. 

302.  317. 

319. 

321. 

323.  325.  327.  329. 

330. 

331. 

331. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

6.  29. 

123. 

273.  285. 

287. 

288. 

290.  291.  293.  294. 

295.  295. 

295. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

6.  28. 

114. 

247. 

257. 

258. 

259. 

261.  262.  263.  263. 

264. 

264. 

265. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

6.  27. 

107. 

223. 

232. 

233. 

234. 

235.  236.  236.  237. 

237. 

238. 

238. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

5.  25. 

99. 

203.  210. 

211. 

211. 

212.  213.  213.  214. 

214. 

214. 

215. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

5. 

24. 

93. 

185. 

191. 

191. 

192. 

193.  193.  194.  194. 

194. 

195. 

195. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

5. 

23. 

87. 

169. 

174. 

175. 

176. 

176.  177.  177.  177. 

177. 

178. 

178. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

5.  22. 

81. 

156. 

161. 

161. 

162. 

162.  163.  163.  163. 

163. 

163. 

163. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

5.  21. 

77. 

145. 

ISO. 

ISO. 

150. 

151.  151.  151.  152. 

152. 

152. 

152. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

4. 

20. 

73. 

137. 

141. 

141. 

141. 

142.  142.  142.  143. 

143. 

143. 

143. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

4. 

18. 

65. 

119. 

123. 

123. 

123. 

124.  124.  124.  124. 

124. 

124. 

124. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

3.  11. 

38. 

65. 

67. 

67. 

67. 

68.  68.  68.  68. 

68. 

68. 

68. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

2. 

6. 

21. 

35. 

36. 

36. 

36. 

36.  36.  36.  36. 

36. 

36. 

36. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

4. 

11. 

16. 

18. 

18. 

18. 

18.  18.  18.  18. 

19. 

19. 

19. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

2. 

6. 

9. 

9. 

9. 

9. 

9.  9.  9.  9. 

9. 

9. 

9. 

0. 

0. 

0. 

0. 

0, 

0. 

0. 

0. 

1. 

3. 

4. 

4. 

4. 

4. 

4.  4.  4.  4. 

4. 

4. 

4. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

2. 

2. 

2. 

2. 

2.  2.  2.  2. 

2. 

2. 

2. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

1. 

1. 

1. 

1. 

1.  1.  1.  1. 

1. 

1. 

1. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0,  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0,  0.  0,  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  (1.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0.  0. 

0. 

0. 

Cl. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0.  0. 

0. 

0. 

0. 

.03m 


.  12m 


Thickness 

Width 

Voltage 


/  Curnent  s 
/  Welding  Eff. : 
/  Torch  Speed : 


AL 

.15m 

.35m 

28V 


170A 

n  =  .8 

V  =  2.54  mm/sec 


41  X  41 


57 


- 

1S.&0000 
0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 


1.  S.  14. 

1.  5.  14. 

1.  S.  14. 

1.  S.  14. 

1.  S.  14. 

1.  5.  14. 

1.  S.  14. 

1.  S.  14. 

1.  S.  14. 

1.  S.  14. 

1.  S.  14. 

1.  5.  13. 

1.  S.  13. 

1.  S.  13. 

1.  4.  13. 

1.  4.  13. 

1.  4.  13. 

1.  4.  13. 

1.  4.  13. 

1.  4.  13. 

1.  4.  12. 

1.  4.  10. 

1.  3.  9. 

1.  2.  7. 

t.  2.  6. 

0.  2.  4. 

0.  1.  3. 

0.  1.  2. 

0.  1.  2. 

0.  0.  1. 

0.  0.  1. 

0.  0.  1. 

0,  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0, 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 


37. 

90.  201. 

37. 

90.  201. 

37. 

91.  201. 

37. 

90.  200. 

37. 

90.  200. 

37. 

90.  199. 

37. 

90.  196. 

37. 

69.  196. 

37. 

89.  195. 

36. 

86.  193. 

36. 

86.  191. 

36. 

87.  169. 

36. 

66.  187. 

35. 

65.  165. 

35. 

64.  183. 

35. 

64.  180. 

34. 

83.  178. 

34. 

82.  175. 

34. 

81.  173. 

33. 

80.  171. 

32. 

77.  164. 

27. 

64.  135. 

22. 

52.  106. 

16. 

42.  84. 

14. 

32.  64. 

11. 

24.  48. 

6. 

18.  35. 

6. 

13.  25. 

4. 

9.  17. 

3. 

6.  12. 

2. 

4.  8. 

1. 

3.  5. 

1. 

2.  3. 

1. 

1.  2. 

0. 

1.  1. 

0. 

0.  1. 

0. 

0.  0. 

0. 

0.  0. 

0. 

0.  0. 

0. 

0.  0. 

0. 

0.  0. 

410.  607.  641. 
410.  604.  629. 
406.  S99.  618. 
406.  391.  607. 
404.  362.  596. 
400.  372.  364. 
396.  362.  373. 
392.  551.  361. 
387.  540.  549. 

362.  329.  336. 
376.  316.  526. 
371.  507.  515. 

363.  496.  504. 

359.  466.  493. 
333.  473.  463. 
347.  466.  472. 
341.  436.  463. 
333.  447.  433. 
330.  438.  444. 
324.  430.  436. 
309.  406.  414. 
248.  322.  326. 
194.  249.  232. 
149.  188.  191. 
112.  140.  142. 
82.  102.  103. 
39.  73.  74. 

42.  32.  32. 

29.  36.  36. 

20.  24.  24. 

13.  16.  16. 

9.  10.  11. 

6.  7.  7. 

3.  4.  4. 

2.  3.  3. 

t.  2.  2. 

1.  1.  1. 

0.  1.  1. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 


641.  641.  641. 
631.  633.  641. 
620.  623.  623. 
609.  611.  612. 
597.  599.  600. 
586.  367.  366. 
574.  575.  576. 
362.  563.  564. 
SSO.  351.  552. 
539.  540.  540. 
527.  528.  529. 
516.  517.  517. 
505.  506.  506. 
494.  495.  495. 
463.  464.  465. 
473.  474.  474. 
463.  464.  464. 
454.  454.  455. 
445.  445.  446. 
436.  437.  437. 
415.  415.  416. 
326.  327.  327. 
252.  252.  252. 
191.  191.  191. 
142.  142.  142. 
104.  104.  104. 
74.  74.  74. 
52.  52.  52. 
36.  36.  36. 
24.  24.  24. 
16.  16.  16. 
II.  11.  11. 

7.  7.  7. 

4.  4. 

3.  3.  3. 

2.  2.  2. 
1.  1.  1. 
1.  1.  1. 
0.  0.  0. 
0.  0.  0. 
0.  0.  0. 


641. 

641. 

641. 

641. 

641. 

641. 

626. 

627. 

628. 

614. 

614. 

615. 

601. 

602. 

602. 

569. 

590. 

590. 

577. 

577. 

578. 

565. 

565. 

566. 

553. 

553. 

554. 

541. 

542. 

542. 

529. 

530. 

530. 

516. 

518. 

519. 

507. 

507. 

507. 

496. 

496. 

4%. 

465. 

486. 

466. 

475. 

475. 

476. 

465. 

465. 

466. 

455. 

456. 

456. 

446. 

447. 

447. 

436. 

438. 

436. 

416. 

416. 

417. 

327. 

328. 

328. 

253. 

253. 

253. 

191. 

191. 

192. 

142. 

142. 

142. 

104. 

104. 

104. 

74. 

74. 

74, 

52. 

52. 

52. 

36. 

36. 

36. 

24. 

24. 

24. 

16. 

16. 

16. 

11. 

11. 

11. 

7. 

7. 

7. 

4. 

4. 

4. 

3. 

3. 

3. 

2. 

2. 

2. 

1. 

1. 

1. 

1. 

1. 

1. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

641. 

641. 

641. 

641. 

641. 

641. 

628. 

626. 

628. 

615. 

615. 

615. 

603. 

603. 

603. 

590. 

591. 

591. 

578. 

578. 

578. 

566. 

566. 

566. 

554. 

554. 

554. 

542. 

542. 

542. 

531. 

531. 

531. 

519. 

519. 

519. 

506. 

506. 

508. 

497. 

497. 

497. 

466. 

466. 

466. 

476. 

476. 

476. 

466. 

466. 

466. 

456. 

456. 

456. 

447. 

447. 

447. 

433. 

439. 

433. 

417. 

417. 

417. 

328. 

326. 

328. 

253. 

253. 

253. 

192. 

132. 

192. 

142. 

142. 

142. 

104. 

104. 

104. 

75. 

75. 

75. 

52. 

52. 

52. 

36. 

36. 

36. 

25. 

25. 

25. 

16. 

16. 

16. 

11. 

11. 

11. 

7.  7.  7. 

4.  4.  4. 

3.  3.  3. 

2.  2.  2. 

1.  1.  1. 

1.  1.  I. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0. 


.03m 


♦ 


.12m 


AL 

Thickness  /  Current ;  .15m 
Width  /  Welding  Eff.  s  .35m 
Voltage  /  Torch  Speed:  28V 


170A 
Ti  =  .8 

V  =  2.54  mm/sec 


41  X  41 


58 


0. 

1. 

3« 

8. 

18. 

83. 

79. 

1,9. 

868. 

,51. 

608. 

688. 

641. 

641. 

6,1. 

6,1. 

6,1. 

6,1. 

6,1. 

641. 

,  6,1. 

6,1. 

0. 

t. 

3, 

a. 

18. 

83. 

73. 

1,9. 

866. 

,51. 

606. 

686. 

630. 

638. 

633. 

636. 

6,1. 

6,1. 

641. 

641. 

641. 

,  6,1. 

0. 

1. 

3. 

s. 

18. 

89. 

79. 

1,9. 

865. 

«0. 

608. 

618. 

681. 

681 

685. 

687. 

688. 

689. 

630. 

630. 

630. 

630. 

0. 

1. 

3. 

8. 

18. 

83. 

73. 

1,9. 

865. 

„8. 

596. 

610. 

618. 

611 

615. 

617. 

618. 

619. 

619. 

680. 

680. 

680. 

0. 

1. 

3. 

8. 

18. 

89. 

79. 

1,9. 

864. 

U6. 

589. 

601. 

601 

604. 

60S. 

607. 

s08. 

608. 

609. 

609. 

609. 

610. 

0. 

1. 

3, 

8. 

18. 

83. 

73. 

1,8. 

863. 

U1 

581. 

598. 

591 

59,. 

596. 

597. 

597. 

598. 

599. 

599. 

599. 

600. 

y. 

1. 

3. 

8. 

18. 

83. 

78. 

1,8. 

868. 

,89. 

571 

561 

584. 

585. 

586. 

587. 

587. 

588. 

589. 

589. 

589. 

589. 

0. 

1. 

3. 

a. 

18. 

83. 

78. 

147. 

860. 

,35. 

564. 

571 

574. 

575. 

576. 

577. 

S78. 

578. 

579. 

579. 

579. 

579. 

0. 

1. 

1 

a. 

18. 

83. 

78. 

IM. 

859. 

,31. 

555. 

564. 

565. 

565. 

566. 

567. 

588. 

568. 

569. 

569. 

569. 

569. 

0. 

1. 

3. 

8. 

18. 

33. 

78. 

1,8. 

857. 

,£6. 

546. 

554. 

555. 

556. 

S7. 

557. 

SS8. 

558. 

559. 

559. 

559. 

559. 

0. 

1. 

3. 

8. 

18. 

89. 

77. 

1,5. 

855. 

«1. 

537. 

544. 

545. 

546. 

5*7. 

5*7. 

SU. 

549. 

549. 

549. 

549. 

550. 

0. 

1. 

3. 

a. 

18. 

88. 

77. 

14*. 

851 

416. 

588. 

535. 

536. 

536. 

537. 

538. 

538. 

539. 

539. 

539. 

540. 

540. 

0. 

1. 

3. 

8. 

18. 

88. 

78. 

141 

851. 

410. 

518. 

585. 

586. 

587. 

588. 

588. 

589. 

589. 

530. 

530. 

530. 

530. 

0. 

3. 

8. 

18. 

38. 

76. 

148. 

848. 

«5. 

509. 

516. 

517. 

518. 

518. 

519. 

519. 

580. 

580. 

580. 

580. 

581. 

0. 

t. 

3. 

8. 

18. 

88. 

7S. 

1,1. 

8,6. 

399. 

500. 

507. 

508. 

508. 

509. 

509. 

510. 

510. 

511. 

511. 

511. 

511. 

0. 

1. 

3. 

8. 

18. 

88. 

75. 

140. 

8,8. 

394. 

,91. 

,98. 

498. 

499. 

500. 

500. 

501. 

501. 

SOI. 

508. 

508. 

508. 

0. 

1. 

3. 

8. 

18. 

87. 

7*. 

188. 

8w. 

888. 

,89. 

•89. 

490. 

*91. 

,91. 

*98. 

498. 

498. 

,9i 

49i 

49i 

0. 

1. 

3. 

8. 

17. 

87. 

7*. 

187. 

888. 

888. 

,7,. 

U4. 

481. 

,81. 

,88. 

U8. 

U3. 

,83. 

483. 

M4. 

,84. 

484. 

Cl. 

1. 

3. 

8. 

17. 

87. 

n. 

188. 

885. 

877. 

^6. 

,78. 

,78. 

*71 

,73. 

,7*. 

,7*. 

*75. 

475. 

475. 

475. 

475. 

0. 

1. 

3. 

8. 

17. 

87. 

78. 

18,. 

888. 

371. 

>58. 

,63. 

,6*. 

,65. 

,65. 

,66. 

,66. 

*66. 

<47. 

^7. 

467. 

,67. 

y. 

1. 

3. 

8. 

l7. 

8s. 

78. 

188. 

88-?. 

865. 

•S'.'. 

•55. 

456. 

,57. 

*57. 

,57. 

,58. 

*58. 

•58. 

,53. 

459. 

*59. 

0. 

3. 

7. 

17. 

88. 

71. 

188. 

88s. 

860. 

*•8. 

m8. 

W8. 

*♦9. 

M9. 

*50. 

*50. 

,50. 

451. 

*51. 

451. 

*51. 

■j. 

1. 

1 

7. 

:7. 

88. 

70. 

180. 

884. 

855. 

483. 

46k). 

••1. 

•*1. 

m8. 

U3. 

M3. 

Mi 

Mi 

Mi 

M*. 

’.1. 

3. 

7. 

«  T 

TC 

70. 

18?. 

881. 

8,9. 

•88. 

431 

*34. 

*3*. 

*35. 

,35. 

,35. 

,36. 

436. 

,3s. 

,36. 

,36. 

y. 

i. 

3, 

\i. 

85. 

83. 

187. 

813. 

8... 

>81. 

426. 

■^7. 

,<7. 

,88. 

•88. 

*89. 

>89. 

«9. 

,89. 

483. 

,89. 

y. 

I. 

3. 

7. 

;6. 

87. 

188. 

811. 

881. 

iO>. 

40^. 

•03. 

*10. 

*10. 

*11. 

,11. 

,11. 

412. 

*18. 

,18. 

,18. 

0. 

!. 

3« 

8. 

14. 

80. 

58. 

108. 

173. 

877. 

885. 

331 

331 

8V). 

3,0. 

3Vj. 

3*1. 

3*1. 

341. 

3,1. 

3*1. 

3,1. 

i.t. 

1, 

e. 

5. 

Id. 

c8. 

f,, 

«>. 

ISO. 

883. 

37>. 

i77. 

878. 

878. 

878. 

878. 

879. 

873. 

879. 

879. 

879. 

879. 

0. 

1. 

i. 

5. 

n. 

88. 

4d. 

75. 

18«. 

:36. 

iZi. 

C£4. 

884. 

885. 

885. 

885. 

825. 

825. 

885. 

885. 

885. 

826. 

u. 

1. 

3. 

18. 

35, 

88. 

101. 

150. 

177. 

179. 

179. 

179. 

180. 

180. 

180. 

180. 

180. 

180. 

180. 

180. 

0. 

1. 

1. 

j. 

7. 

1*. 

aa. 

50. 

81. 

119. 

IV). 

141. 

141. 

1«. 

1*8. 

le 

1,8. 

1,8. 

148. 

1*8. 

1«. 

!«. 

0. 

0. 

8. 

6. 

18. 

d3. 

•0. 

6,. 

31 

109. 

110. 

110. 

111. 

111. 

111. 

111. 

111. 

111. 

111. 

111. 

111. 

0. 

1. 

Z. 

5. 

10. 

18. 

81. 

SO. 

78. 

6*. 

as. 

85. 

85. 

85. 

85. 

85. 

85. 

as. 

86. 

86. 

86. 

u. 

y. 

1. 

L 

4. 

8. 

14. 

8,. 

83. 

55. 

6>. 

as. 

65. 

65. 

65. 

65. 

65. 

65. 

65. 

65. 

65. 

65. 

0. 

y. 

1. 

2, 

t. 

!1. 

1?. 

83. 

•8. 

>3. 

49. 

,3. 

>9. 

•9. 

*9. 

*9. 

,3. 

*9. 

*3. 

,9. 

>9. 

u. 

0. 

i. 

8. 

>, 

88. 

81. 

88. 

3o> 

8b. 

■6. 

3s. 

36. 

37. 

37. 

37. 

37. 

37. 

37. 

y. 

y. 

y. 

i. 

8. 

s. 

10. 

Is. 

88. 

87. 

c7. 

8*. 

87. 

87. 

87. 

27. 

87. 

87. 

87. 

87, 

y. 

0. 

8, 

18. 

17. 

13. 

I9. 

19. 

*9, 

13. 

13. 

13. 

80. 

80. 

80. 

80. 

80. 

0. 

y. 

y. 

u. 

I. 

8. 

3. 

8. 

8. 

18. 

1>. 

14. 

1*. 

14. 

1*. 

1*. 

1*. 

1*. 

1*. 

1*. 

1*. 

0. 

0. 

y. 

3^ 

6. 

6. 

10. 

lu. 

10. 

lu. 

10. 

10. 

10. 

10. 

10. 

10. 

10. 

10. 

y. 

y.  y,  y. 


y. 

L 

I. 

y. 

1- 

y. 

<}. 

i. 

y. 

V. 

y. 

0. 

(). 

y. 

y. 

0. 

y* 

0. 

0. 

y. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Os 

1). 

U  1.  1.  I. 

1.  I.  1. 

u.  <).  0.  0. 


0.  0.  u. 

0.  0.  0. 

0,  0.  0. 


AL 

Width  /  Voltage:  .35in 
Thickness  /  Welding  Eff.  :  .15m 
Current  /  Torch  Speed:  170A 


28V 

T1  =  .8 

V  =  2.54  mm/sec 
51x51 


65: 


0. 

3. 

3.  3. 

0. 

1. 

s. 

21. 

78. 

274. 

641.  815. 

831 

907. 

978.1067.1171. 

1287.1405.1314.1602. 1639. 

•.Vi. 

0. 

3. 

3.  3. 

0, 

1. 

1 

21. 

78. 

274. 

641.  797. 

823. 

871 

928. 

993. 1071. 1131 1234. 1309. 1368. 1407. 1420. 

0. 

3. 

3.  3. 

u. 

1. 

5. 

21. 

78. 

272. 

641,  761. 

787. 

821. 

864. 

914.  969.1026.1082.1132.1172.1197.1206. 

0. 

3. 

3.  3. 

0. 

1. 

s. 

21. 

77. 

268. 

625.  710. 

732. 

760. 

791 

830.  870. 

911. 

949. 

982.1009. 

1826.1032. 

0. 

3. 

8.  3. 

0. 

1. 

5. 

21. 

76. 

262. 

597.  641. 

671. 

693. 

719. 

749.  779. 

807. 

833. 

835. 

873. 

885. 

889. 

0. 

8. 

3.  3. 

0. 

1. 

1 

21. 

75. 

234. 

366.  611. 

621 

635. 

641. 

672.  696. 
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0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0, 

0, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

.03m 


.12m 


Uid'th  /  Voltage: 

Thickness  /  Uelding  EfT. 
Current  /  Torch  Speed: 


AL 

.35m 

.15m 

170A 


28V 
Ti  =  .8 

V  =  2.794  mm/sec 


41  X  41 


64 


.165m 


.01m 


7.S 


^  <r 


0. 

0. 

0. 

0. 

0. 

0. 

1. 

5. 

30.  167.  578. 

738. 

786. 

862. 

967. 1098. 1248. 1399. 1529. 1616. 1646. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

s. 

30.  167.  573. 

707. 

746. 

803. 

877.  965.1060.1153.1231.1265.1303. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

5. 

30.  165.  552.  641. 

682. 

725. 

778.  836.  896.  952.  999.1031.1042. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

s. 

30.  161.  523.  604. 

622. 

641. 

683.  721.  757.  788.  819.  839.  847. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

5. 

29.  156.  486.  5S4. 

567. 

583. 

604.  625.  640.  641.  676.  695.  700. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

5. 

28.  ISO.  450. 

502.  511. 

522. 

535.  548.  559.  569.  581.  590.  593. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

5. 

27.  142.  411. 

451. 

458. 

465. 

474.  482.  491.  498.  504.  509.  510. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

s. 

26.  134.  372. 

403. 

406. 

413. 

419.  425.  431.  436.  440.  442.  443. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

4. 

25.  126.  335. 

360. 

363. 

367. 

371.  375.  379.  382.  385.  386.  367. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

4. 

24.  117.  301. 

320. 

322. 

325. 

328.  331.  333.  336.  337.  339.  339. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

4. 

23.  109.  269. 

284. 

286. 

288. 

290.  292.  294.  296.  297.  296.  296. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

4. 

22.  100.  240. 

252.  254. 

255. 

257.  258.  260.  261.  262.  262.  262. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

4. 

20.  93.  214. 

224. 

225. 

226. 

227.  229.  230.  230.  231.  231.  232. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

4. 

19.  85.  191. 

199. 

200. 

201. 

202.  203.  204.  204.  205.  205.  205. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

3. 

18.  79.  171. 

178. 

179. 

160. 

160.  161.  162.  162.  182.  183.  183. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

3. 

17.  73.  154. 

160. 

160. 

161. 

162.  162.  163.  163.  163.  163.  163. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

3. 

16.  67.  140. 

144. 

145. 

145. 

146.  146.  147.  147.  147.  147.  147. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

3. 

IS.  63.  127. 

132. 

132. 

132. 

133.  133.  134.  134.  134.  134.  134. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

3. 

14.  59.  118. 

121. 

122. 

122. 

122.  123.  123.  123.  123.  123.  123. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

3. 

14.  55.  110. 

113. 

114. 

114. 

114.  114.  US.  115.  US.  US.  US. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

a. 

12.  49.  94. 

97. 

96. 

98. 

98.  98.  98.  99.  99.  99.  99. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

2. 

7.  27.  49. 

50. 

50. 

50. 

SI.  SI.  Si.  SI.  SI.  SI.  SI. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

4.  14.  24. 

25. 

25. 

25. 

2S.  2S.  25.  25.  25.  25.  25. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

2.  7.  12. 

12. 

12. 

12. 

12.  12.  12.  12.  12.  12.  12. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1.  3.  5. 

6. 

6. 

6. 

6.  6.  6.  6.  6.  6.  6. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  2.  2. 

2. 

3. 

3. 

3.  3.  3.  3.  3.  3.  3. 

0. 

0, 

0. 

0. 

0. 

0. 

0. 

0. 

0.  1.  1. 

1. 

1. 

1. 

1.  1.  1.  1.  1.  1.  1. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0. 

0. 

0. 

0. 

0.  0.  0.  0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0. 

0. 

0. 

0. 

0.  0.  0.  0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0. 

0. 

0. 

0. 

0.  0.  0.  0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0. 

0, 

0. 

0. 

0.  0.  0.  0.  0,  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0. 

0. 

0. 

0. 

0.  0.  0.  0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0. 

0. 

0. 

0. 

0.  0.  0.  0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0. 

0. 

0. 

0. 

0.  0.  0.  0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0. 

0. 

0. 

0. 

0.  0.  0.  0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0. 

0. 

0. 

0. 

0.  0.  0.  0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0. 

0. 

0. 

0. 

0.  0.  0.  0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0,  0.  0. 

0. 

0. 

0. 

0.  0.  0.  0.  0.  0.  Q. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0. 

0. 

0. 

0. 

0.  0.  0.  0.  0.  0.  Cl. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0. 

0. 

0. 

0. 

0.  0.  0.  0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0. 

0. 

0. 

0. 

0.  0.  0.  0.  0.  0.  0. 

.03m 


<4/ 


.12m 


y 


Width  /  Voltage: 

Thickness  /  Welding  Eff.  : 
Current  /  Torch  Speed: 


AL 

.35m 

28V 

.15m 

T1  =  .8 

170A 

V  =  2.794  mm/sec 

41  X  41 

65 


IS.  6 


0. 

0. 

1. 

2. 

5. 

15. 

40. 

94.  200. 

387. 

527. 

534. 

534. 

535.  536.  536. 

537. 

537.  537. 

537. 

537. 

0. 

0. 

1. 

2. 

5. 

15. 

40. 

94.  200. 

387. 

526.  533. 

534. 

535.  535.  536. 

536. 

537.  537. 

537. 

537. 

0. 

0. 

1. 

2. 

5. 

16. 

40. 

94.  200. 

386.  S24. 

532. 

533. 

533.  534.  535. 

535. 

535.  536. 

536. 

536. 

0. 

0. 

1. 

2. 

S. 

1&. 

40. 

94.  199. 

384. 

S22. 

530. 

530. 

531.  532.  532. 

533. 

533.  533. 

533. 

533. 

0. 

0. 

1. 

2. 

5. 

16. 

40. 

94.  199, 

382. 

518. 

526. 

527. 

528.  528.  529. 

529. 

530.  530. 

530. 

530. 

0. 

0. 

1. 

2. 

S. 

16. 

40. 

93.  198. 

380. 

S14. 

522. 

523. 

523.  524.  524. 

325. 

525.  525. 

526. 

526. 

0. 

0. 

1. 

2. 

5. 

16. 

40. 

93.  197. 

377. 

509. 

517. 

517. 

518.  519.  519. 

520. 

520.  520. 

520. 

520. 

0. 

0. 

1. 

2. 

5. 

IS. 

40. 

93.  196. 

374. 

503. 

511. 

512. 

512.  513.  513. 

514. 

514.  514. 

514. 

515. 

0. 

0. 

1. 

2. 

5. 

IS. 

40. 

92.  194. 

370, 

497. 

504. 

505. 

506.  506.  507. 

507. 

508.  508. 

508. 

508. 

0. 

0. 

1. 

2. 

S. 

IS. 

39. 

92.  193. 

366. 

490. 

497. 

498. 

499.  499.  500. 

500. 

500.  501. 

501. 

501. 

0. 

0. 

1. 

2. 

5. 

IS. 

39. 

91.  191. 

362. 

483. 

490. 

490. 

491.  492.  492, 

493. 

493.  493. 

493. 

493. 

0. 

0. 

1. 

2. 

5. 

IS. 

39. 

90.  189. 

357. 

475. 

482. 

483. 

483.  484.  484. 

485. 

485.  485. 

485. 

485. 

0. 

0. 

1. 

2. 

5. 

IS. 

39. 

90.  188. 

352. 

467. 

474. 

475. 

475.  476.  476. 

477. 

477.  477. 

477. 

477. 

0. 

0. 

1. 

2. 

5. 

15. 

38. 

89.  185. 

347. 

459. 

466. 

466. 

467.  468.  468. 

468. 

469.  469. 

469. 

469. 

0. 

0. 

1. 

2. 

5. 

IS. 

38. 

88.  183. 

342. 

451. 

458. 

458. 

459.  459.  460. 

460. 

460.  461. 

461. 

461. 

0. 

0. 

1. 

2. 

5. 

IS. 

38. 

87.  181. 

337. 

443. 

449. 

450. 

451.  451.  452. 

452. 

452.  452. 

453. 

453. 

0. 

0. 

1. 

2. 

5. 

15. 

37. 

86.  179, 

332. 

435. 

441. 

442. 

443.  443.  443. 

444. 

444.  444. 

444. 

444. 

0. 

0. 

1. 

2. 

5. 

15. 

37. 

85.  177. 

327. 

428. 

434. 

434. 

435.  435.  436. 

436. 

436.  436. 

436. 

436. 

0. 

0. 

0. 

2. 

5. 

14. 

37. 

84.  174. 

322. 

420. 

426. 

426. 

427.  427.  428. 

428. 

428.  429. 

429. 

429. 

0. 

0. 

0. 

2. 

5. 

14. 

36. 

83,  172. 

317. 

413. 

418. 

419. 

420.  420.  420, 

421. 

421.  421. 

421. 

421. 

0. 

0. 

0. 

2. 

5. 

14. 

35. 

80.  166. 

303. 

394. 

399. 

400. 

400.  401.  401. 

401. 

401.  402. 

402. 

402. 

0. 

0. 

0. 

1. 

4. 

12. 

30. 

68.  138. 

246. 

315. 

319. 

320. 

320,  320.  321. 

321. 

321.  321. 

321. 

321. 

0. 

0. 

0. 

1. 

4. 

10. 

25. 

56.  112. 

196. 

248. 

250. 

251. 

251,  251,  251. 

252. 

252.  252. 

252. 

252. 

0. 

0. 

0. 

1. 

3. 

8. 

20. 

45.  88. 

152, 

191. 

193. 

193. 

193.  193.  194. 

194. 

194.  194. 

194. 

194. 

0. 

0. 

0. 

1. 

2. 

7. 

16. 

35.  69. 

116. 

144, 

146. 

146. 

146.  146.  146. 

147. 

147.  147. 

147. 

147. 

0. 

0. 

0. 

1. 

2. 

5. 

12. 

27.  52, 

87. 

107, 

108. 

109. 

109.  109.  109. 

109. 

109.  109. 

109. 

109. 

0. 

0. 

0. 

0. 

1. 

4. 

9. 

20.  39. 

64. 

78. 

79. 

79. 

79.  79.  79. 

79. 

80.  80. 

80. 

80. 

0. 

0. 

0. 

0. 

3. 

7. 

15.  28. 

46. 

56. 

57. 

57. 

57.  57.  57. 

57. 

57.  57. 

57. 

57. 

0. 

0. 

0. 

0. 

1. 

2. 

5. 

11.  20, 

32. 

40, 

40. 

40, 

40,  40,  40. 

40. 

40,  40, 

40, 

40. 

0. 

0. 

0. 

0. 

i. 

1. 

4. 

7.  14, 

22. 

27. 

28. 

28. 

28.  28.  28. 

28. 

28.  28. 

28. 

28. 

0. 

0. 

0. 

0. 

0. 

1. 

2. 

5.  9. 

15, 

19. 

19. 

19. 

19.  19.  19. 

19. 

19.  19. 

19. 

19. 

0. 

0. 

0. 

0. 

0. 

1. 

2. 

3.  6. 

10. 

12. 

12, 

12. 

12,  12.  12. 

12. 

12.  13. 

13. 

13. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

2.  4. 

7. 

6. 

8. 

8. 

8.  8.  a. 

8. 

8.  8. 

8. 

8. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

1.  3. 

4. 

5. 

5. 

5. 

5.  5.  5. 

5. 

5.  5. 

5. 

5. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1.  2. 

3. 

3. 

3. 

3. 

3.  3.  3. 

3. 

3.  3. 

3. 

3. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1.  1. 

2, 

2. 

2. 

2. 

2.  2.  2, 

2. 

2.  2. 

2. 

2. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  1. 

1. 

1. 

1. 

1. 

1.  1.  1. 

1. 

1.  1. 

1. 

1. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

1. 

1. 

1. 

1. 

1.  1.  1. 

I. 

1.  1. 

1. 

1. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0, 

0. 

0. 

0. 

0.  0.  0. 

C. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0.  0.  0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0.  0.  0. 

0. 

0.  0. 

0. 

0. 

.03m 


4^ 


.12m 


AL 

Width  /  Voltage:  .35m 
Thickness  /  Welding  Eff. :  .15m 
Current  /  Torch  Speed;  170A 


28V 
n  =  .8 

V  =  2.794  mm/sec 


41  x41 


66 


.165m 


.01m 


AL 

Width  /  Voltage:  .35m  28V 

Thickness  /  Welding  Eff.  :  .15m  T|  =  .8 

Current  /  Torch  Speed:  153A  V  =  2.54  mm/sec 

41  X  41 


67 


.165m 

< - 

6.6 


.01m 

- 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

4. 

35. 

188. 

£64. 

285. 

319. 

365. 

424.  491. 

558. 

614. 

641.  641. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

4. 

35. 

186. 

251. 

266. 

290. 

321. 

358.  398. 

437. 

469. 

488.  493. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

4. 

35. 

177. 

229. 

240. 

256. 

277. 

300.  325. 

348. 

367. 

379.  383. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

4. 

34. 

163. 

203. 

211. 

222. 

236. 

251.  266.  280. 

291. 

299.  301. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

4. 

32. 

148. 

178. 

183. 

191. 

200. 

209.  219. 

227. 

234. 

239.  240. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

4. 

30. 

131. 

153. 

157. 

162. 

168. 

174.  180. 

186. 

190. 

193.  194. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

3. 

28. 

115. 

131. 

134. 

137. 

141. 

145.  149. 

153. 

155. 

157.  158. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

3. 

25. 

99. 

112. 

113. 

116. 

118. 

121.  124. 

126. 

128. 

129.  129. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

3. 

23. 

85. 

94. 

96. 

97. 

99. 

101.  103. 

104. 

105. 

106.  106. 

.03m 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

3. 

20. 

73. 

80. 

81. 

82. 

83. 

84.  85. 

86. 

87. 

87.  88. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

3. 

18. 

62. 

67. 

£8. 

£8. 

69. 

70.  71. 

71. 

72. 

72-  72. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

a. 

16. 

52. 

56. 

57. 

57. 

58. 

58.  59. 

59. 

60. 

60.  60. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

2. 

14. 

44. 

47. 

48. 

48. 

48. 

49.  49. 

49. 

50. 

50.  50. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

2. 

13. 

37. 

40. 

40. 

40. 

40. 

41.  41. 

41. 

41. 

42.  42. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

2. 

11. 

32. 

33. 

34. 

34. 

34. 

34.  34. 

35. 

35. 

35.  35. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

2. 

to. 

27, 

28. 

28. 

29. 

29. 

29.  29. 

29. 

29. 

29. 

29. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

9. 

23. 

24. 

24. 

24. 

25. 

£5.  £5. 

25. 

25. 

25.  25. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

8. 

20. 

21. 

21. 

21. 

21. 

21.  21. 

21. 

£1. 

21. 

21, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

7. 

18. 

18. 

18. 

19. 

19. 

19.  19. 

19. 

19. 

19.  19. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

i. 

6. 

16. 

17. 

17. 

17. 

17. 

17.  17, 

17, 

17. 

17, 

17. 

' 

f 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

5. 

13. 

13. 

13. 

13. 

13. 

14.  14. 

14. 

14. 

14. 

14. 

i 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

2. 

5. 

5. 

5. 

5. 

6. 

6.  6. 

6. 

6. 

6. 

6. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

2. 

2. 

2. 

2. 

2, 

2.  2. 

2. 

2. 

2. 

2. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

1. 

I. 

1. 

1. 

1.  1. 

1. 

1. 

1. 

1. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0, 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0, 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0,  0. 

0. 

0. 

0. 

0. 

.12m 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0,  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0,  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0, 

0. 

0, 

0. 

0.  0. 

0. 

0. 

0. 

0, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0, 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0, 

0. 

0,  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

> 

AL 

Width  /  Voltage;  .35m 
Thickness  /  Welding  Eff.  ;  .15m 
Current  /  Torch  Speed:  153A 


28V 
Ti  =  .8 

V  =  2.54  mm/sec 


41  x41 


■ 

-H 


I 


68 


165in 


01m 


a. £0000 


0. 

0. 

0. 

0. 

0. 

0. 

1.  7. 

36. 

las. 

630.  200.  847. 

922. 1026. 1157. 1305. 1434. 1581. 1666. 1696. 

0. 

0. 

0. 

0. 

0. 

0. 

1.  7. 

37. 

186. 

624.  770.  806. 

861.  934.1021.1116.1209.1288.1340.1339. 

0. 

0. 

0. 

0. 

0. 

0. 

1.  7. 

37. 

126. 

600.  712.  738. 

779.  830.  888. 

950.1008. 1056. 1088.1100. 

0. 

0. 

0. 

0. 

0. 

0. 

1.  7. 

36. 

182.  363.  641.  660. 

691.  727.  764. 

807.  646.  878.  898. 

905. 

0. 

0. 

0. 

0. 

0. 

0. 

1.  £. 

36. 

177. 

327.  389.  601. 

618.  634.  641.  686.  717.  739.  753.  757. 

0. 

0. 

0. 

0. 

0. 

0. 

1.  £. 

33. 

170. 

486.  537.  546.  557.  369.  583.  602.  619.  633.  641. 

641. 

0. 

0. 

0. 

0. 

0. 

0. 

1.  6. 

34. 

162. 

445.  426.  492. 

500.  509.  519. 

530.  540.  548.  553.  555. 

0. 

0. 

0. 

0. 

0. 

0. 

1.  6. 

33. 

133. 

405.  437.  442. 

447.  454.  461. 

467.  474.  478.  482. 

483. 

0. 

0. 

0. 

0. 

0. 

0. 

1.  £. 

31. 

143. 

367.  392.  393. 

400.  404.  409. 

413.  417.  420.  422. 

423. 

0. 

0. 

0. 

0. 

0. 

0. 

1.  6. 

30. 

133. 

331.  331.  334. 

357.  360.  363. 

366.  368.  370.  372. 

372. 

0. 

0. 

0. 

0. 

0. 

0. 

1.  £. 

29. 

126. 

298.  314.  316.  318.  320.  323. 

325.  327.  328.  329. 

329. 

0. 

0. 

0. 

0. 

0. 

0. 

1.  s. 

27. 

118. 

266.  281.  283. 

284.  286.  288. 

289.  290.  291.  292. 

292. 

0. 

0. 

0. 

0. 

0. 

0. 

1.  s. 

26. 

109. 

241.  252.  253. 

254.  256.  257. 

258.  259.  259.  260. 

260. 

0. 

0. 

0. 

0. 

0. 

0. 

i.  s. 

23. 

101. 

218.  226.  227. 

228.  229.  230. 

231.  231.  232.  232. 

232. 

0. 

0. 

0. 

0. 

0. 

0. 

1.  s. 

23. 

94. 

197.  204.  205. 

205.  206.  207. 

207.  208.  208.  209. 

209. 

0. 

0. 

0. 

0. 

0. 

0. 

i.  3. 

22. 

28. 

178.  184.  185. 

186.  186.  187. 

187.  188.  188.  188. 

188. 

0. 

0. 

0. 

0. 

0. 

0. 

1.  4. 

21. 

22. 

163.  168.  169. 

169,  170.  170. 

170.  171,  171,  171, 

171. 

0. 

0. 

0. 

0. 

0. 

0. 

i.  4. 

20. 

77. 

150.  154.  155. 

155.  156.  156. 

156.  157.  157.  157. 

157. 

0. 

0. 

0. 

0. 

0. 

0. 

i.  4. 

19. 

72. 

139.  143.  143. 

144.  144.  145. 

145.  145.  145.  145. 

145. 

0. 

0. 

0. 

0. 

0. 

0. 

i.  4. 

IS. 

62. 

130.  134.  133. 

135.  135.  136. 

136.  136.  136.  136. 

136. 

0. 

0. 

0. 

0. 

0. 

0. 

4. 

16. 

61. 

113.  116.  117. 

117.  117,  118. 

118.  118.  118.  118. 

118. 

0. 

0. 

0. 

0. 

0. 

0.  ( 

1.  2. 

10. 

35. 

61.  63.  63. 

63.  63.  63. 

63.  63.  63.  63. 

63.  ‘ 

0. 

0. 

0. 

0. 

0. 

0.  ( 

1.  1. 

6. 

19. 

32.  33.  33. 

33.  33.  33. 

33.  33.  33.  33. 

33. 

0. 

0. 

0. 

0. 

0. 

0.  ( 

1.  1. 

3. 

10. 

16.  16.  16. 

17.  17.  17. 

17.  17.  17.  17. 

17. 

0. 

0. 

0. 

0. 

0. 

0.  c 

1.  0. 

2. 

5. 

8.  8.  8. 

8.  8.  8. 

8.  8.  8.  8. 

8. 

0. 

0. 

0. 

0. 

0. 

0.  ( 

•.  0. 

1. 

2. 

4.  4.  4. 

4.  4.  4. 

4.  4.  4.  4. 

4. 

0. 

0. 

0. 

0. 

0. 

0.  c 

1.  0. 

0. 

1. 

2.  2.  2. 

2.  2.  2. 

2.  2.  2.  2. 

2. 

0. 

0. 

0. 

0. 

0. 

0.  c 

1.  0. 

0. 

0. 

1.  1.  1. 

1.  1.  1. 

1.  1.  1.  1. 

1. 

0. 

0. 

0. 

0. 

0. 

0.  0 

1.  0. 

0. 

0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0 

1.  0. 

0. 

0. 

0.  0.  0. 

0.  0.  0. 

o 

o 

p 

p 

0. 

0. 

0. 

0. 

0. 

0. 

0.  c 

1.  0. 

0. 

0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0 

1.  0. 

0. 

0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  fl 

'.  0. 

0. 

0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0. 

0. 

0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0 

.  0. 

0. 

0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  Cl.  0. 

0. 

0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0 

.  0. 

0. 

0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0. 

0. 

0, 

0.  0.  0. 

0.  0.  0. 

0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0 

.  0. 

0. 

0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0 

.  0. 

0. 

0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0 

.  0. 

0. 

0. 

0.  0.  0. 

0.  0.  0. 

0.  0.  0.  0. 

.03m 


.12m 


Width 

Thickness 

Current 


/  V/oltege: 

/  Melding  ETf.  ! 
/  Torch  Speed: 


AL 

.35m 

.15m 

153A 


28V 

Tl  =  .8 

V  =  2.54  mm/sec 


41  x41 


69 


.165m  .01m 


'  15.6 

0.  0. 

0. 

1. 

4. 

13.  33. 

- >  < - 

85.  190.  385.  544.  553.  55».  555.  555.  556.  557.  557. 

557. 

558. 

558. 

0. 

0. 

0. 

1. 

4. 

13.  35. 

86.  190.  384.  543.  552.  553.  554.  555.  556.  556.  557. 

557. 

557. 

557. 

0. 

0. 

0. 

1. 

4. 

13.  35. 

86.  190.  383.  541.  550.  551.  552.  553.  554.  554.  555. 

555. 

555. 

555. 

0. 

0. 

0. 

1. 

4. 

13.  35. 

86.  189.  382.  537.  547.  548.  549.  549.  550.  551.  551. 

551. 

552. 

K2. 

0. 

0. 

0. 

1. 

4. 

13.  35. 

85.  189.  380.  533.  542.  543.  544.  545.  545.  546.  546. 

547. 

547. 

547. 

0. 

0. 

0. 

1. 

4. 

13.  35. 

85.  188.  377.  527.  536.  537.  538.  538.  539.  540.  540. 

540. 

541. 

541. 

0. 

0. 

0. 

1. 

4. 

13.  35. 

85.  187.  373.  520.  529.  530.  531.  531.  532.  533.  533. 

533. 

533. 

534. 

0. 

0. 

0. 

1. 

4. 

13.  35. 

84.  186.  369.  512.  521.  522.  523.  523.  524.  525.  525. 

525. 

525. 

525. 

0. 

0. 

0. 

1. 

4. 

13.  33. 

84.  184.  365.  504.  512.  513.  514.  515.  515.  516.  516. 

517. 

517. 

517. 

0. 

0. 

0. 

1. 

4. 

13.  34. 

83.  183.  360.  495.  503.  504.  505.  506.  506.  507.  507. 

507. 

507. 

507. 

0. 

0. 

0. 

1. 

4. 

13.  34. 

83.  181.  355.  486.  494.  495.  495.  496.  497.  497.  497. 

498. 

498. 

498. 

0. 

0. 

0. 

1. 

4. 

13.  34. 

82.  179.  350.  477.  484.  485.  486.  486.  487.  487.  488. 

488. 

488. 

488. 

0. 

0. 

0. 

1. 

4. 

13.  34. 

81.  177.  345.  467.  474.  475.  476.  476.  477.  477.  478. 

478. 

478. 

478. 

0. 

0. 

0. 

1. 

4. 

13.  33. 

81.  175.  339.  458.  465.  465.  466.  467.  467.  467.  468. 

468. 

468. 

468. 

0. 

0. 

0. 

1. 

4. 

12.  33. 

80.  173.  334.  448.  455.  456.  456.  457.  457.  458.  458. 

458. 

458. 

458. 

0. 

0. 

0. 

1. 

4. 

12.  33. 

79.  171.  328.  439.  446.  446.  447.  U7.  448.  448.  449. 

449. 

449. 

449. 

0. 

0. 

0. 

1. 

4. 

12.  33. 

78.  168.  322.  430.  437.  437.  438.  438.  439.  439.  439. 

440. 

440. 

440. 

0. 

0. 

0. 

1. 

4. 

12.  32. 

77.  166.  317.  422.  428.  428.  429.  429.  430.  430.  430. 

431. 

431. 

431. 

0. 

0. 

0. 

1. 

4. 

12.  32. 

76.  164.  312.  413.  419.  420.  421.  421.  421.  422.  422. 

422. 

422. 

422. 

0. 

0. 

0. 

1. 

4. 

12.  31. 

75.  161.  306.  406.  411.  412.  413.  413.  413.  414.  414. 

414. 

414. 

414. 

0. 

0. 

0. 

1. 

4. 

11.  30. 

73.  155.  292.  386.  391.  392.  392.  392.  393.  393.  393. 

393. 

394. 

394. 

0. 

0. 

0. 

1. 

3. 

10.  26. 

61.  127.  235.  304.  308.  308.  309.  309.  309.  309.  310. 

310. 

310. 

310. 

0. 

0. 

0. 

1. 

3. 

6.  21. 

49.  102.  184.  235.  238.  238.  238.  239.  239.  239.  239. 

239. 

239. 

239. 

0. 

0. 

0. 

1. 

2. 

7.  17. 

39.  80.  141.  178.  180.  180.  181.  181.  181.  181.  181. 

181. 

181. 

181. 

0. 

0. 

0. 

1. 

2. 

5.  13. 

30.  61.  106.  132.  134.  134.  134.  134.  134.  135.  135. 

135. 

135. 

135. 

0. 

0. 

0. 

0. 

1. 

4.  10. 

23.  45.  78.  97.  98.  98.  98.  98.  98.  98.  98. 

98. 

98. 

98. 

0. 

0. 

0. 

0. 

1. 

3.  a. 

17.  33.  56.  69.  70.  70.  70.  70.  70.  70.  70. 

70. 

70. 

70. 

0. 

0. 

0. 

0. 

1. 

2.  5. 

12.  24.  40.  49.  49.  49.  49.  49.  49.  50.  50. 

50. 

50. 

50. 

0. 

0. 

0. 

0. 

1. 

2.  4, 

9.  16.  27.  34.  34.  34.  34.  34.  34.  34.  34. 

34. 

34. 

3*. 

0. 

0. 

0. 

0. 

0. 

1.  3. 

6.  11.  19.  23.  23.  23.  23.  23.  23.  23.  23. 

23. 

23. 

22. 

0. 

0. 

0. 

0. 

0. 

1.  2. 

4.  8.  12.  15.  15.  15.  15.  15.  15.  15.  15. 

15. 

15. 

15. 

0. 

0. 

0. 

0. 

0. 

1.  1. 

3.  5.  8.  10.  10.  10.  10.  10.  10.  10.  10. 

10. 

10. 

10. 

0. 

0. 

0. 

0. 

0. 

0.  1. 

2.  3.  5.  6.  6.  6.  6.  6.  6.  6.  6. 

6. 

6. 

6. 

0. 

0. 

0. 

0. 

0. 

0.  1. 

1.  2.  3.  4.  4.  4.  4.  4.  4.  4.  4. 

4. 

4. 

4. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

1.  1.  2.  2.  2.  2.  2.  2.  2.  2.  2. 

2. 

2. 

s. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0.  1.  1.  1.  1.  1.  1.  1.  1.  1.  1. 

1. 

1. 

1. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0.  0.  1.  1.  1.  1.  1.  1.  1.  1.  1. 

1. 

1. 

1. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0.  0.  0.  1.  1.  1.  1.  1.  1.  1.  1. 

1. 

1. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0.  0.  0.  0.  0.  0.  0.  0.  0.  0.  0. 

0. 

0. 

0, 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0.  0.  0.  0.  0.  0.  0.  0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0.  0.  0.  0.  0.  0.  0.  0.  0.  0.  0. 

0. 

0. 

0. 

AL 

Width  /  Voltage:  .35m 
Thickness  /  Welding  Eff. :  .15m 
Cunnent  /  Toi~ch  Speeds  153A 


28V 
t1  =  .8 

V  =  2.54  mm/sec 
41  x41 


70 


03m 


12m 


1213m 


.01m 


AL 

Thickness:  .1125m 

Width:  .2625m 

Cunrent :  170A 

Voltage:  28V 

Welding  Eff.  :  T]  =  .8 
Tonch  Speed  :  V  =  2.54  mm/S0C 


31  x31 


.1213m  ,  ^  ,01m 


r- 

6.6 

— >  t- 

- 

N 

0. 

0. 

0. 

0. 

0. 

1. 

5, 

36.  174. 

26d.  311. 

379.  470.  567.  640.  641. 

0. 

0. 

0. 

0, 

0. 

1. 

5. 

36.  172. 

253.  264. 

330.  387.  444,  485.  495. 

0. 

0. 

0. 

0. 

0. 

1. 

5. 

36.  164. 

230.  252. 

263.  319.  353.  376.  386. 

0. 

0. 

0. 

0. 

0. 

1. 

5. 

3S.  153. 

204.  220. 

240.  263.  264.  299.  305. 

0. 

0. 

0. 

0. 

0. 

i. 

5. 

33.  139. 

179,  189. 

203.  218.  231.  241.  244. 

0. 

0. 

0. 

0. 

0. 

1. 

i. 

31.  124. 

155.  162. 

171.  181.  190.  196.  198. 

0. 

0. 

0. 

0. 

0. 

1. 

♦. 

29.  no. 

133.  138. 

144.  151.  157.  160.  162. 

0. 

0. 

0. 

0. 

0. 

1. 

4. 

27.  97. 

114.  118. 

122.  126.  130.  132.  133. 

.0225m 

0. 

0. 

0. 

0. 

0. 

1. 

4. 

25.  64. 

97.  100. 

103.  106.  109.  no.  111. 

0. 

0. 

0. 

0. 

0. 

0. 

4. 

23.  74. 

63.  85. 

88.  90.  91.  92.  93. 

0. 

0. 

0. 

0. 

0. 

0. 

3. 

21.  64. 

72.  73. 

75.  76.  77.  78.  78. 

0. 

0. 

0. 

0. 

0. 

0. 

3. 

19.  56. 

62.  63. 

64.  66.  66.  67.  67. 

0. 

0. 

0. 

0. 

0. 

0. 

3. 

18.  SO. 

55.  55. 

56.  57.  58.  58.  58. 

0. 

0. 

0. 

0. 

0. 

0. 

3. 

16.  45. 

49.  49. 

SO.  51.  51.  51.  52. 

0. 

0. 

0. 

0. 

0. 

0. 

3. 

15.  41. 

44.  45. 

45.  46.  46.  47.  47.  > 

f 

0. 

0. 

0. 

0. 

0. 

0. 

2. 

13.  34. 

36.  37. 

37.  37.  38.  38.  38. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

6.  14. 

15.  15. 

16.  16.  16.  16.  16.  ‘ 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

3.  6. 

6.  6. 

6.  6.  6.  6.  6. 

0. 

0. 

0. 

0, 

0, 

0, 

0. 

1.  2. 

2.  2. 

2.  2.  2.  2.  2. 

0. 

0. 

0. 

0. 

0. 

0, 

0, 

0.  1. 

1,  1. 

1.  1.  1.  1.  1. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0.  0. 

0.  0,  0,  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0.  0. 

0.  0.  0.  0.  0. 

0. 

0, 

0. 

0, 

0. 

0. 

0. 

0.  0. 

0.  0. 

0.  0.  0.  0.  0. 

.09m 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0.  0. 

0.  0.  0.  0.  0. 

0. 

0. 

0, 

0. 

0. 

0, 

0. 

0.  0. 

0.  0. 

0.  0.  0.  0.  0, 

0. 

0. 

0. 

0, 

0. 

0. 

0. 

0.  0. 

0.  0. 

0.  0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0, 

0.  0. 

0.  0.  0.  0.  0, 

0. 

0. 

0. 

0. 

0, 

0. 

0. 

0.  0. 

0.  0. 

0.  0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0, 

0. 

0.  0. 

0.  0. 

0.  0.  0.  0.  0. 

0, 

0. 

0. 

0. 

0. 

0. 

0. 

0,  0. 

0.  0. 

0.  0,  0.  0.  0. 

0. 

0. 

0, 

0. 

0. 

0. 

0. 

0.  U. 

0.  0. 

0.  0.  0.  0.  0. 

f 

Thickness : 
Width : 

Cunnent : 
Voltage: 
Welding  Eff.  : 
Tonch  Speed: 


I 

AL 

.1 125m 
.2625m 
170A 

28V  ! 

Ti  =  .8 

V  =  2.54  mm/sec 


31  x31 


I 


72 


.1213m 


01m 


2.  10.  47.  202.  582.  784.  842.  970.1138.1318.1458.1511. 

2.  10.  47.  202.  577.  736.  796.  888.1000.1114.1200.1232. 

2.  10.  47.  200.  560.  687.  728.  795.  871.  945.1000.1020. 

2.  10.  47.  197.  534.  629.  641.  703.  753.  807.  844.  857. 

2.  10.  46.  192.  504.  582.  599.  627.  641.  694.  723.  732. 

2.  10.  45.  187.  472.  536.  550.  569.  587.  612.  629.  635. 

2.  10.  45.  180.  439.  491.  503.  516.  530.  544.  554.  558. 

2.  10.  44.  173.  407.  449.  458.  468.  478.  487.  493.  495., 

2.  10.  43.  166.  377.  411.  417.  425.  432.  438.  442.  443. 

2.  9.  41.  158.  348.  376.  381.  387.  392.  396.  399.  400. 

2.  9.  40.  151.  322.  346.  350.  358.  361.  363.  363. 

2.  9.  39.  144.  300.  319.  323.  326.  329.  331.  332.  333. 

2.  9.  38.  138.  280.  297.  299.  304.  306.  307.  308. 

2.  9.  37.  132.  263.  278.  280.  283.  285.  286.  287.  287. 

2.  8.  36.  127.  250.  263.  265.  267.  269.  270.  271.  271. 

2.  8.  33.  115.  220.  231.  233.  235.  236.  237.  238.  238. 

1.  5.  22.  70.  124.  129.  130.  131.  131.  132.  132.  132. 

68.  70.  71.  71.  71.  71.  72.  72. 


8.8 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0,  (I.  0.  0. 


1.  3.  13.  41. 

0.  2.  8.  22. 

0.  1.  4.  12. 

0.  1.  2.  6. 

0.  0.  1.  3. 

0.  0.  1.  1. 

0.  0.  0.  1. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 


36.  37.  37.  37. 

18.  19.  19.  19. 

9.  9.  9.  9. 

4.  4.  4.  5. 

2.  2.  2.  2. 

1.  1.  1.  1. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 


38.  38.  38.  38. 

19.  19.  19.  19. 

9.  9.  9.  10. 

5.  5.  5.  5. 

2.  2.  2.  2. 

1.  1.  1.  1. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 

0.  0.  0,  0. 

0.  0.  0.  0. 

0.  0.  0.  0. 


Thickness : 
Width : 
Current : 
Voltage: 
Welding  Eff. 
Torch  Speed : 


.0225m 


.09m 


AL 

.1125m 
.2625m 
170A 
28V 
71  =  .8 

V  =  2.54  mm/sec 
31  x31 


73 


.1213m  ^  ,  .01m 


M5 

- 9 

7 

2. 

3. 

8. 

20. 

49. 

108. 

220. 

414. 

577. 

599. 

605. 

611. 

621. 

641. 

641. 

641. 

2. 

3. 

B. 

20. 

49. 

108. 

220. 

414. 

576. 

598. 

603. 

609. 

617. 

625. 

627. 

628. 

2. 

3. 

a. 

20. 

49. 

108. 

220. 

413, 

574. 

594. 

599. 

604. 

609. 

613. 

616. 

616. 

2. 

3. 

6. 

20. 

49. 

108. 

220. 

412. 

570. 

589. 

593. 

597. 

600. 

603. 

605. 

606. 

2. 

3. 

8. 

20. 

49. 

108. 

219. 

410. 

564. 

582. 

585. 

588. 

591. 

593. 

595. 

595. 

2. 

3. 

8. 

20. 

49. 

108. 

218. 

407. 

558. 

574. 

577. 

580. 

582. 

564. 

585. 

585. 

2. 

3. 

8. 

20. 

48. 

107. 

217. 

404. 

551. 

566. 

568. 

571. 

573. 

574. 

575. 

575. 

2. 

3. 

8. 

20. 

48. 

107. 

216. 

401. 

543. 

557. 

560. 

562. 

563. 

565. 

565. 

566. 

2. 

3. 

8. 

20. 

48. 

106. 

215. 

397. 

535. 

549. 

SI. 

553. 

554. 

555. 

556. 

556. 

2. 

3. 

8. 

20. 

48. 

106. 

213. 

393, 

527. 

540. 

542. 

544. 

545. 

546. 

546. 

547. 

2. 

3. 

a. 

20. 

48. 

105. 

211. 

388. 

519. 

531. 

533. 

535. 

536. 

537. 

537. 

537. 

2. 

3. 

8. 

20. 

47. 

104. 

210. 

384. 

511. 

522. 

524. 

526. 

527. 

528. 

528. 

528. 

2. 

3. 

7. 

19. 

47. 

103. 

207. 

379. 

503. 

514, 

516. 

517. 

518. 

519. 

519. 

520. 

2. 

3. 

7. 

19. 

48. 

102. 

205. 

374. 

495. 

506. 

507. 

508. 

510. 

510. 

511. 

511. 

2. 

3. 

7. 

19. 

46. 

101. 

203. 

369. 

487. 

497. 

499. 

500. 

501. 

502. 

502. 

503. 

2. 

3. 

7. 

19. 

45. 

98. 

1%. 

355. 

466. 

475. 

477, 

478. 

479. 

480. 

480. 

480. 

1. 

2. 

8. 

18. 

39. 

84. 

165. 

291, 

374. 

381. 

382. 

383. 

384. 

384. 

385. 

385. 

1. 

2. 

5. 

14. 

33. 

70. 

135. 

232. 

294. 

299. 

300. 

301. 

301. 

301. 

302. 

302. 

1. 

2. 

4. 

11. 

27. 

57. 

108. 

181. 

226. 

230, 

231. 

231. 

231. 

232. 

232. 

232. 

1. 

1. 

4. 

9. 

21. 

45. 

84. 

138. 

171. 

174. 

174, 

174. 

175. 

175. 

175. 

175. 

1. 

1. 

3. 

7. 

17, 

34. 

63. 

103, 

127. 

129. 

129, 

129. 

129. 

129. 

129. 

129. 

1. 

1. 

2. 

5. 

12, 

26. 

47, 

75, 

92. 

93. 

94. 

94. 

94. 

94. 

94. 

94. 

0. 

1. 

2. 

4. 

9. 

19. 

34, 

54. 

66. 

67. 

67, 

67. 

67. 

67. 

67, 

67. 

0. 

0. 

1. 

3. 

7. 

13. 

24. 

38. 

46. 

47. 

47. 

47. 

47. 

47. 

47. 

47. 

0. 

0. 

1. 

2, 

5. 

9. 

17, 

26. 

31. 

32. 

32. 

32. 

32, 

32. 

32. 

32, 

0. 

0. 

1. 

1. 

3. 

6. 

11. 

18. 

21. 

22. 

22. 

22. 

22. 

22, 

22. 

22. 

0, 

0. 

0. 

1. 

2. 

4. 

8. 

12. 

14. 

14. 

14. 

14. 

14. 

14. 

14. 

14. 

0. 

0. 

0. 

1. 

1. 

3. 

5. 

a. 

9. 

10. 

10. 

10. 

10. 

10. 

10. 

10. 

0, 

0. 

0. 

0. 

1. 

2. 

4. 

5. 

6. 

7. 

7. 

7. 

7. 

7. 

7. 

7. 

0. 

0. 

0. 

0. 

1. 

2. 

3. 

4. 

5. 

5. 

5. 

5. 

5. 

5. 

5. 

5. 

0. 

0. 

0. 

1. 

1. 

C« 

4, 

4. 

4. 

4. 

4. 

4. 

4. 

4. 

4., 

.0225m 


.09m 


Thickness : 
Width: 

Current : 
Voltage: 
Welding  Eff.  : 
Torch  Speed : 


AL 

.1125m 
,2625m 
170A 
28V 
Ti  =  .8 

V  =  2.54  mm/sec 
31  x31 


74 


.165m 


.01m 


Steel 

Widths  .35ni 

Thickness:  .15m 

Currents  170A 

Voltage:  28V 

Welding  Eff.  :  t|  =  .8 

Torch  Speed  :  v  =  2.54  X  lO'^mm/sec 

21  X  21 


75 


.165m 


.01m 


0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 


0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 


37.  387. 

38.  815. 

80.  103. 
10.  45. 
5.  18. 
8.  7. 

1.  2. 
0.  1. 
0.  0. 
0.  0. 
0.  0. 
0.  0. 
0.  0. 
0.  0. 
0.  0. 
0.  0. 
0.  0. 
0.  0. 


646. 1079. 
301.  489. 
138.  178. 
54.  67. 
81.  85. 
8.  9. 


0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0, 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 


1518.1517. 
547.  587. 
807.  881. 
78.  88. 
88.  30. 
10.  10. 
3.  3. 

1.  1. 
0.  0. 
0.  0. 
0.  0. 
0.  0. 


.03m 


Width : 
Thickness : 
Current : 
Voltage: 
Welding  Eff. 
Torch  Soeed : 


Steel 

.35m 
.15m 
170A 
28V 
Ti  =  .8 

V  =  2.54  mm/sec 
21  x21 


76 


I 


9.0 


,165m  ^  ^  .Olm _ ^ 


0. 

0. 

0. 

0. 

3.  209.1075.1517.2306.3130.3495. 

0. 

0. 

0. 

0. 

3. 

196. 

759.  954.1236.1469.1517. 

0. 

0. 

0. 

0. 

X 

146. 

464.  545. 

650. 

740.  771. 

0. 

0. 

0. 

0. 

2. 

97. 

263.  297. 

337. 

371.  363. 

0. 

0. 

0. 

0. 

1. 

56. 

141.  155. 

171. 

164.  169. 

0. 

0. 

0. 

0. 

1. 

32. 

71.  78. 

64. 

89.  91. 

0. 

0. 

0. 

0. 

0. 

16. 

35.  37. 

40. 

42.  42. 

0. 

0. 

0. 

0. 

0. 

6. 

16.  17. 

16. 

19.  19. 

0. 

0. 

0. 

0. 

0. 

4. 

7.  8. 

8. 

8.  8. 

0. 

0. 

0. 

0. 

0. 

2. 

3.  4. 

4. 

4.  4. 

0. 

0. 

0. 

0. 

0. 

0. 

1.  1. 

1. 

1.  1. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0.  0. 

0. 

0, 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0.  0, 

0. 

0, 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0.  0. 

.03m 


.12m 


Width: 
Thickness : 
Curnent : 
Voltage: 
Welding  Eff.  : 
Tonch  Speed: 


Steel 

.35m 
.15m 
170A 
28V 
ri  =  .8 

V  =  2.54  mm/sec 


21  x21 


I 


I 


77 


bi  ifj  U 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

a. 

9. 

1). 


.  593.  913.  956.  996.1030.1042. 

.  583.  684.  924.  964.  994.1005. 

.  534.  785.  618.  649.  672.  660. 

31.  459.  649.  673.  695.  711.  717. 

27.  373.  509.  525.  540.  550.  553.  ,03m 

22.  291.  364.  394.  401  410.  412. 

17.  220.  261.  288.  291  297.  298. 

11  163.  202.  207.  210.  211  214. 

10.  121.  147.  150.  152.  154.  154. 

8.  94.  112.  114.  116.  117.  118. 


Width: 
Thickness : 
Cunnent : 
Voltage: 
Welding  Eff.  : 
Tonch  Speed : 


Steel 

.35m 

.15m 

170A 

28V 


ri  =  .8 

V  =  2.54  mm/sec 


21  x21 


steel 

Width:  .35m 

Thickness:  .15m 

Current :  28V 

Voltage:  170A 

Welding  Eff.  :  T)  =  .8 
Torch  Speed  ;  V  =  2.54  mm/seC 

31  x31 


79 


.165m _ ^  ^ _ .01m 


0. 

b.8 

0. 

0. 

0. 

0. 

0. 

0. 

t- 

62. 

318. 

459. 

710.1049.1397.1517.1601. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

60. 

229. 

299. 

412. 

553. 

692. 

780. 

805. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

*7. 

147. 

181. 

233. 

294. 

353. 

394. 

408. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

38. 

86. 

104. 

128. 

155. 

181. 

199. 

205. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

80. 

50. 

58. 

69. 

81. 

92. 

100. 

103. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

12. 

27. 

31. 

36. 

41. 

46. 

49. 

51. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

7. 

14. 

16. 

18. 

20. 

23. 

24. 

25. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

4. 

7. 

6. 

9. 

10. 

11. 

11. 

12. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

2. 

3. 

4. 

4. 

5. 

5. 

5. 

5. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

2. 

2. 

2. 

2. 

2. 

2. 

2. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

1. 

1. 

1. 

1. 

1. 

1. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

(1. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

.03m 


.12m 


Steel 

Width:  .35m 

Thickness:  .15m 

Cunnent :  28V 

Voltage:  170A 

Welding  Eff.  :  Tj  =  .8 

Torch  Speed  :  V  =  2.54  mni/sec 

31  x31 
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.165m 


01m 


8.8 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

11. 

300. 

890. 1134. 1517.2173. 2BS0. 3411. 3631. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

11. 

295. 

733, 

886. 1110. 1393. 1667. 1906. 1939. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

11. 

252. 

552. 

635. 

753. 

889.1016.1117.1156. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

3. 

197. 

388. 

434. 

496. 

565.  627.  673.  690. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

7. 

145. 

262. 

287. 

320. 

355.  387.  409.  417. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

5. 

101. 

171. 

185. 

203. 

221.  237.  248.  252. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

A. 

68. 

109. 

116. 

126. 

135.  144.  149.  151. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

3. 

44. 

67. 

71. 

76. 

81.  86.  89.  90. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

a. 

27. 

40. 

43. 

45. 

48.  50.  52.  52. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

16. 

24. 

25. 

26. 

28.  29.  30.  30. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

10. 

14. 

14. 

15. 

16.  16.  17.  17. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

5. 

8. 

8. 

8. 

9.  9.  9.  9, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

3. 

4. 

4. 

4. 

5.  5.  5.  5. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

2. 

2. 

2. 

2. 

3.  3.  3.  3. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

1. 

1. 

1. 

2.  2.  2.  2- 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

1. 

1. 

1.  1.  1.  1. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0, 

0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0, 

0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0, 

0. 

0. 

0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0.  0.  0. 

.03m 


.12m 


Steel 

Width:  .35m 

Thickness:  .15m 

Current :  28V 

Voltage:  170A 

Welding  Eff.  :  T]  =  .8 
Torch  Speed  :  v  =  2.54  mm/sec 

31  x31 


81 


.165m 


'15.6 
0.  0. 
0.  0. 
0.  0. 
0.  0. 


0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 


0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 

0.  0. 


0.  0. 

0.  0. 

0.  0. 

0.  0. 


0.  0. 


_ ^  ^ _ -Olm _ ^ 

111.  736.  888.  912.  938.  %4.  986.1001.1006. 

112.  730.  878.  901.  927.  953.  975.  989.  994. 

no.  697.  633.  855.  679.  902.  921.  934.  939. 

104.  645.  763.  781.  801.  821.  637.  848.  851. 

97.  578.  676.  691.  707.  722.  735.  743.  746. 

67.  504.  583.  594.  606.  618.  627.  634.  636. 

77.  430.  490.  499.  508.  517.  524.  528.  530. 

67.  359.  405.  411.  418.  424.  429.  432.  433. 

56.  294.  329.  333.  338.  342.  346.  348.  349. 

47.  238.  263.  267.  270.  273.  276.  277.  278. 

39.  190.  209.  211.  214.  216.  218.  219.  219. 

32.  151.  165.  167.  169.  170.  171.  172.  172. 

26.  121.  131.  132.  134.  135.  136.  136.  136. 

22.  98.  106.  107.  108.  109.  109.  110.  110. 


0. 

0. 

0. 

0. 

0. 

0. 

1. 

18. 

83. 

89. 

90. 

90. 

91. 

91. 

92. 

92. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

13. 

58. 

62. 

62. 

63. 

63. 

64. 

64. 

64. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

3. 

13. 

14. 

14. 

14. 

14. 

14. 

14. 

14. 

0. 

0. 

0. 

0. 

0. 

0. 
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1. 

2. 

3. 

3. 

3. 

3. 

3. 

3. 

3. 

0. 

0. 

0. 

0. 
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0. 

0. 

0. 

0. 
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0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

.03m 


Width: 
Thickness : 
Current : 
Voltage: 
Welding  Eff. 
Torch  Speed: 


Steel 

.35m 
.15m 
28V 
170A 
T1  =  .8 

V  =  2.54  mm/sec 
31  x31 


82 


165m 


01m 


Steel 

Thickness  /  Current;  .15m  170A 

Width  /  Welding  Eff.  :  .35m  Tl  =  .8 

Voltage  /  Torch  Speed:  28V  V  =  2.54  mm/seC 

41  x41 
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165m 


01m 


< - 

b.b 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

2. 

67. 

226. 

286. 

394. 

546. 

742. 

968. 1201. 

1405.1517.151?. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

2. 

66. 

1B3. 

220. 

281. 

364. 

465. 

575. 

684. 

776. 

837. 

855. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

2. 

56. 

135. 

157. 

191. 

236. 

289. 

345. 

399. 

443. 

473. 

483. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

2. 

«. 

94. 

107. 

126. 

ISO. 

178. 

208. 

235. 

257. 

272. 

277. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

31. 

63. 

70. 

80. 

94. 

109. 

124. 

138. 

150. 

157. 

160. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

22. 

40. 

44. 

SO. 

57. 

65. 

74. 

81. 

87. 

91. 

92- 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

t. 

14. 

25. 

28. 

31. 

35. 

39. 

43. 

47. 

50. 

52. 

53. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

9. 

15. 

17. 

18. 

20. 

23. 

25. 

27. 

28. 

30. 

30. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

6. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

17. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

3. 

5. 

6. 

6. 

7. 

7. 

8. 

8. 

9. 

9. 

.9. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

2. 

3. 

3. 

1 

4. 

4. 

4. 

5. 

5. 

5. 

5. 

0. 

0. 

0. 

0. 

0. 

0. 

0, 

0. 

0. 

0. 

1. 

2. 

2. 

2. 

2. 

2. 

2. 

2. 

3. 

3. 

3. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0, 

1. 

1. 

1. 

1. 

1. 

1. 

1. 

1. 

1. 

1. 

1. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

1. 

1. 

1. 

1. 

1. 

1. 

1. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0- 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

<3. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

e. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

Cl. 

0. 

0. 

0. 

0. 

0. 

.03m 


V 


.12m 


'A' 


Steel 

Thickness  /  Cument  :  .15m 
Width  /  Welding  Eff.  ;  .35m 
Voltage  /  Tonch  Speed:  28V 


170A 
T1  =  .8 

V  =  2.54  mm/sec 
41  x41 


84 


165m 


01m 


4  f- 


8.8 


0. 

0. 

0. 

0. 

0. 

c. 

0. 

0. 

1. 

83. 

389. 

814.  946. 1185. 1472. 1864. 2326. 2826. 3280. 3599. 3713. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

24. 

385. 

729.  822. 

965. 1156. 1383. 1637. 1907.2143.2302.2358. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

23. 

349. 

606.  668. 

759. 

875. 1009. 1153. 1297. 1420. 1501. 1517. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

21. 

298. 

481.  520. 

577. 

648. 

728. 

811. 

890. 

955. 

998.1012. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

t. 

18. 

242.  389.  394. 

430. 

473. 

520. 

568. 

613. 

649. 

672.  680. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

IS. 

190. 

276.  292. 

314. 

340. 

368. 

397. 

422. 

443. 

456.  461. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

12. 

145.  202.  212. 

226. 

242. 

259. 

275. 

290. 

302. 

310.  313. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

10. 

108. 

145.  152. 

160. 

170. 

180. 

190. 

199. 

206. 

210.  212. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

7. 

78. 

102.  106. 

112. 

118. 

124. 

130. 

135. 

139. 

142.  143. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

5. 

56. 

71.  74. 

77. 

80. 

84. 

88. 

91. 

93. 

95-  .96. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

4. 

39. 

49.  50. 

52. 

54. 

57. 

59. 

61. 

62. 

63.  63. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

3. 

27. 

33.  34. 

35. 

36. 

38. 

39. 

40. 

41. 

41.  42. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

2. 

18. 

22.  22. 

23. 

24. 

25. 

25. 

26. 

27. 

27.  27. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

12. 

14.  14. 

15. 

IS. 

16. 

16. 

17. 

17. 

17.  17. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

8. 

9.  9. 

10. 

10. 

10. 

10. 

11. 

11. 

11.  11. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

5. 

6.  6. 

6. 

6. 

6. 

7. 

7. 

7. 

7.  7. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

3. 

4.  4. 

4. 

4. 

4. 

4. 

4. 

4. 

4.  4. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

2. 

2.  2. 

2. 

2. 

2. 

3. 

3. 

3. 

3.  3. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

1.  1. 

1. 

2. 

2. 

2. 

2. 

2. 

2.  2. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

1.  1. 

1. 

1. 

1. 

1. 

1. 

1. 

1.  1. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

1. 

1. 

1. 

1. 

1. 

1. 

1.  1. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

u. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0, 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

03m 


.12m 


Thickness  /  Current s 
Width  /  Welding  Eff. ; 

Voltage  /  Torch  Speed: 


Steel 

.15m 

.35m 

28V 


170A 
Ti  =  .8 

V  =  2.54  mm/sec 


41  x41 


85 


f 


.165in 


IS.  6 


.01m 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

IS.  1S4.  aio.  893. 

905.  919.  935. 

952.  %7. 

980. 

991.  998.1000. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

IB.  18S.  804.  888. 

900.  915.  931. 

947.  962. 

976. 

986.  993.  995. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

18.  182.  782.  883. 

875.  889.  904. 

920.  934. 

947. 

957.  963.  965. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

18.  177.  746.  821. 

832.  845.  859. 

873.  886. 

897. 

906.  912.  914. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

18.  .69.  698.  766. 

775.  786.  798. 

810.  822. 

832. 

839.  844.  846. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

17.  :59.  641.  700. 

709.  718.  728. 

738.  748. 

756. 

762.  766.  768. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

16.  147.  580.  630. 

637.  645.  653. 

661.  669. 

675. 

681.  684.  685. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

IS.  13S.  S16.  SS9. 

564.  570.  577. 

584,  590. 

595. 

599.  601.  602. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

13.  121.  454.  489. 

493.  498.  503.  509.  513. 

517. 

520.  522.  523. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

t. 

12.  108.  394.  423. 

426.  430.  434. 

438.  442. 

445. 

447.  449.  449. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

11.  95.  339.  362.  365.  368.  371. 

374.  377. 

379. 

381.  382.  382. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

10.  83.  289.  307. 

309.  311.  314. 

316.  318. 

320. 

321.  322.  322. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

8.  72.  244.  2S8. 

260.  262.  264. 

265.  267. 

268. 

269.  270.  270. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

7.  62.  205.  216. 

218.  219.  220. 

222.  223. 

224. 

225.  225.  225. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

6.  53.  171.  180. 

181.  182.  183. 

184.  185. 

186. 

187.  187.  187. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

5.  45.  143.  150. 

151.  152.  152. 

153.  154. 

154. 

155.  155.  155. 

0. 

0. 

0. 

0. 

0. 

0. 
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0.  0. 

0. 

0. 

0.  0.  0.  0. 

0. 

0. 

0.  0, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0.  0.  0.  0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0.  0.  0,  0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0, 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0.  0.  0.  0, 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0.  0.  0.  0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0.  0.  0.  0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0.  0.  0.  0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0.  0.  0.  0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0.  0.  0.  0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0.  0.  0.  0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0.  0.  0.  0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0.  0.  0.  0. 

0. 

0. 

0.  0. 

Steel 

Width  /  Voltage:  .35m 
Thickness  /  Welding  Eff.  :  .15m 
Current  /  Torch  Speed:  153A 


28V 

T|  =  .8 

V  s  2.54  mm/sec 
41  x41 


97 


165m 


01m 


IS.  6 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

17. 

172. 

747. 

616. 

827. 

838. 

651.  864. 

876.  686. 

694.  699. 

901. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

17. 

173. 

740. 

612. 

822. 

634. 

846.  859. 

871.  881. 

889.  894. 

896. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

17. 

170. 

720. 

790. 

800. 

811. 

821  635. 

646.  656. 

863.  868. 

870. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

17. 

16S. 

687. 

752. 

761. 

772. 

783.  794. 

604.  611 

820.  824. 

826. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

16. 

1S6. 

644. 

703.  711. 

720. 

730.  739. 

748.  756. 

762.  766.  767. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

16. 

146. 

S93.  644. 

6S1. 

659. 

668.  676. 

681  690. 

695.  698. 

699. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

IS. 

138. 

537. 

581. 

587. 

594. 

601.  608. 

614.  619. 

624.  626. 

627. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

14. 

126. 

480. 

517. 

S22. 

527. 

533.  538. 

543.  548. 

551.  553. 

554. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

12. 

114. 

422. 

453. 

457. 

462. 

466.  471. 

475.  478. 

481.  482. 

483. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

11. 

101. 

366. 

393. 

3%. 

400. 

401  407. 

410.  412. 

415.  416. 

416. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

10. 

89. 

317. 

337. 

340. 

341 

345.  348. 

350.  352. 

354.  355. 

355. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

9. 

78. 

270. 

287. 

289. 

291. 

293.  295. 

297.  296. 

300.  300. 

301. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

8. 

67. 

228. 

242. 

243.  245. 

247.  248. 

250.  251. 

252.  252. 

252. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

7. 

S6. 

192. 

203.  204. 

205. 

206.  206. 

209.  210. 

210.  211. 

211. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

6. 

49. 

160. 

169. 

170. 

171. 

172.  171 

174.  174. 

175.  175. 

175. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

s. 

42. 

134. 

141. 

142. 

142. 

141  144. 

144.  145. 

145.  146. 

146. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

4. 

36. 

112. 

116. 

116. 

119. 

119.  120. 

120.  121. 

121.  121. 

121. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

4. 

31. 

95. 

99. 

too. 

lOO. 

101.  101. 

101.  102. 

102.  102. 

102. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

3. 

27. 

61. 

85. 

85. 

66. 

86.  86. 

87. 

87. 

87.  87. 

87. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

3. 

24. 

72. 

75. 

75. 

75. 

76.  76. 

76. 

77. 

77.  77. 

77.  \ 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

2. 

19. 

55. 

57. 

56. 

56. 

56.  58. 

59.  59. 

59.  59. 

59. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

6. 

18. 

16. 

19. 

19. 

19.  19. 

19. 

19. 

19.  19. 

19.  ' 

s 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

2. 

5. 

5. 

5. 

5. 

5.  5. 

5. 

5. 

5.  5. 

5. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

1. 

1. 

1. 

1.  1. 

1. 

1. 

1.  1. 

1. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0, 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

y. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0, 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0.  0. 

o.| 

03m 


.12m 


Width 

Thickness 

Current 


/  Voltage: 

/  Welding  Eff.  : 
/  Torch  Speeds 


Steel 

.35m 

.15m 

153A 


28V 

T1  =  .8 

V  =  2.54  mm/sec 


41  x41 


98 


1213m 


01m 


-  J 

n 


m 


m 


i 


Steel 

.2625m 

Thickness:  .1125m 

Cuirrent :  170A 

Voltage:  28V 

Welding  Eff.  :  t|  =  .8 

Torch  Speed:  v  =  2.54  mm/sec 


31  x31 


i 


99 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

2. 

59. 

253.  300. 

603. 

910. 1245. 1507. 151/. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

2. 

59. 

201.  275. 

397. 

552. 

711. 

031. 

069. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

2. 

so. 

147.  190. 

257. 

337. 

417. 

475. 

497. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

2. 

39. 

102.  126. 

163. 

206. 

247. 

276. 

287. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

i. 

29. 

68.  02. 

102. 

125. 

146. 

162. 

167, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

20. 

44.  52. 

63. 

75. 

06. 

94. 

97. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

13. 

27.  32. 

30. 

44. 

SO. 

55. 

56. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

9. 

17.  19. 

22. 

26. 

29. 

31. 

32. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

5. 

10.  11. 

13. 

IS. 

17. 

18. 

10. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

3. 

6. 

7. 

7. 

8. 

9. 

10. 

10. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

2. 

3. 

4. 

4. 

5. 

5. 

5. 

6. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

2. 

2. 

2. 

3. 

3. 

3. 

3. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

1. 

1. 

1. 

1. 

2. 

2. 

2. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

1. 

1. 

1. 

1. 

1. 

1. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

1. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

u. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

.0225m 


.09m 


Steel 

Wi‘^th:  .2625m 

Thickness:  .1125m 

Current:  170A 

Voltage:  28V 

Welding  Eff.  :  T|  =  .8 
Torch  Speed:  V  =  2.54  mm/sec 

31  x31 


100 


1213m 


£ 


21  351.  867.1122.1517.2160.2912.3497.3726. 
24.  346.  770.  947.12111517.1971.2275.2365. 
21  317.  636.  754.  925. 1126. 1345. 1499. 1517. 
21.  271.  502.  576.  665.  606.  924. 1007. 103<i. 


222. 

364. 

433. 

496. 

570. 

637. 

664.  701. 

176. 

286. 

316. 

358. 

401. 

440. 

468.  477. 

135. 

210. 

230. 

255. 

261. 

304. 

320.  326. 

101. 

151. 

164. 

179. 

195. 

209. 

219.  222. 

74. 

107. 

115. 

125. 

135. 

141 

149.  151. 

53. 

75. 

60. 

86. 

92. 

97. 

101.  102. 

38. 

52. 

55. 

59. 

62. 

65. 

66.  68. 

26. 

35. 

37. 

40. 

42. 

44. 

45.  46. 

18. 

24. 

25. 

27. 

28. 

29. 

30. 

31. 

11 

17. 

16. 

19. 

20. 

20. 

21.  21. 

10. 

11 

11 

14. 

14. 

15. 

15.  15. 

6. 

7. 

7. 

6. 

6. 

8. 

6. 

9. 

1. 

1. 

1. 

1. 

1. 

1. 

1. 

1. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

■). 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

y. 

0. 

0. 

.0225m 


.09m 


Thickness: 
Width : 
Current : 
Voltage : 
Welding  Eff. 
Torch  Speed: 


Steel 

.1 125m 
.2625m 
170A 
28V 

Ti  =  .8 

V  =  2.54  mm/sec 


31  x31 


1213m 


.01m 


189.  757. 
189.  752. 
187.  733. 
182.  701. 
175.  859. 
185.  809. 
154.  558. 
142.  500. 
130.  448. 
118.  395. 
107.  348. 
97.  307. 
88.  273. 

80.  244. 
74.  223. 

81.  181. 
24.  68. 

8.  22. 

3.  7. 

1.  2. 
0.  0. 


0.  0. 

0.  0. 

0.  0. 

0.  0. 


874.  898.  925. 
889.  894.  921. 
846.  870.  898. 
807.  829.  852. 
754.  774.  795. 
694.  710.  728. 
628.  642.  857. 
582.  573.  586. 
497.  507.  517. 
437.  445.  453. 
383.  390.  398. 
338.  342.  347. 
297.  301.  305. 
265.  269.  272. 
241.  244.  247. 
195.  197.  199. 
72.  73.  74. 
24.  24.  24. 
7.  7.  7. 

2.  2.  2. 
0.  0.  0. 


0.  0. 

0.  0. 


0.  0. 

0.  0. 


0.  0. 

0.  0. 


0.  0. 

0.  0. 

0.  0. 

0.  0. 


0.  0. 

0.  0. 


0.  0. 

0.  0. 


0.  0. 

0.  0. 

0.  0. 

0.  0. 


0.  0, 

0.  0. 


951.  973.  988. 
947.  %9.  983. 
920.  941.  955. 
875.  894.  908. 
815.  831.  842. 
745.  759.  768. 
871.  682.  890. 
597.  606.  612. 
528.  533.  538. 
480.  488.  470. 
402.  408.  409. 
351.  355.  357. 
309.  312.  314. 
275.  277.  279. 
250.  252.  253. 
201.  203.  204. 
74.  75.  75. 
24.  25.  25. 
7.  7.  7. 

2.  2.  2. 
0.  0.  0. 
0.  0.  0. 
0.  0.  0. 
0.  0.  0. 
0.  0.  0. 
0.  0.  0. 
0.  0.  0. 
0.  0.  0. 
0.  0.  0. 
0.  0.  0, 
0.  0.  0. 


.0225m 


,09m 


Thickness: 
Width: 
Current : 
Voltage: 
Welding  Eff. 
Torch  Speed : 


Steel 

.1125m 
.2625m 
170A 
28V 
Ti  =  .8 

V  =  2.54  mm/sec 
31  x31 
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